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(54) Power system control apparatus and relative method 



(57) A desired value of a reactive power flow (Q'Mji) 
between a to-be-controlled power system and an 
adjoining power system is determined according to 
measured values of the reactive power flow (Qji) and an 
effective power flow (Pji) and desired voltage values of 
the to-be-controlled power system (Vio) and the adjoin- 
ing power system (Vjo). Thereafter, a required value of 
a reactive power (QARi) of the to-be-controlled power 
system is calculated according to the desired value 
(Q^Mji) of the reactive power flow, the measured values 
of the reactive power flow and the effective power flow, 
and the desired voltage value (Vio) and a measured 
voltage value in the to-be-controlled power system (Vi). 



Thereafter, a control apparatus (14) having an electric 
capacity near to the required value of the reactive power 
is selected from a plurality of control apparatuses 
arranged in the to-be-controlled power system to make 
the selected control apparatus adjust a voltage of the to- 
be-controlled power system. Therefore, a cooperation 
of the to-be-controlled power system with the adjoining 
power system can be performed by collecting locally- 
existing-information. and a voltage fluctuation and/or a 
reactive power fluctuation in the to-be-controlled power 
system can be immediately suppressed. 
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E>escription 

BACKGROUND OF THE INVENTION 
5 Reld of the Invention 

[0001] The present Invention relates to a power system control apparatus and a power system control method in 
which a voltage and a reactive power in a power system are adjusted to desired values by operating a control apparatus 
of the power system. 

10 

Description of Related Art 

10002] As is disclosed in pages 1200-1201 of theses in lectures of a National Conference of Japanese Electrotech- 
nical Committee held in 1987, in a conventional power system control method, a voltage of a first sutjstation con-e- 
15 sponding to one power system and a reactive power flow transmitting through a bank are measured, and phase 
modifying equipment (for example, a transformer tap, a condenser, a reactor and the like) arranged in the first substa- 
tion is controlled according to measured values. 

[0003] Accordingly, in cases where the first substation is isolated from another sut)station. a voltage fluctuation in 
the first substation can be suppressed according to the conventional power system control method by controlling the 
20 phase modifying equipment. 

[0004] However, in cases where the first substation is connected with a second substation, because a voltage fluc- 
tuation of the second substation adjacent to the first sttostation is not considered, there is a drawback that voltages of 
the first and second substations adjacent to each other become unstable. 

[0005] Also, to prevent the hunting of a control operation repeatedly performed in the phase modifying equipment 
25 by suppressing voltage fluctuations occuning in substations (or power systems) adjacent to each other, a method for 
controlling all apparatuses of the power systems adjacent to each other by collecting all pieces of information of the 
power systems as one lump package is disclosed in pages 1115-1 120. Vol. B1 1 7-8. theses in Japanese Electrotechni- 
cal Committee. However, in this metiiod. an amount of data included in the pieces of information is too large to be proc- 
essed, it is difficult to heighten a conft-ol precision of the apparatuses because it is required to perform tiie identification 
30 of the power systems, and a control time period lor the apparatuses is undesirably lengthened. 

SUMMARY OF THE INVENTION 

[0006] To solve the above drawbacks, an object of the present invention is to provide a power system control appa- 
35 ratus and a power system control method in which a voltage fluctuation and a reactive power fluctuation in a to-be-con- 
trolled power system are immediately suppressed by collecting pieces of information locally existing in the to-be- 
controlled power system and an adjoining power system adjacent to the to-be-controlled power system so as to perform 
a cooperation of the to-be-controlled power system with the adjoining power system. 
[0007] The object is achieved by the provision of a power system control apparatus, comprising- 

40 

power flow measuring means for measuring a value of a reactive power flow and a value of an effective power flow, 
which respectively ftow between a to-be-controlled power system and an adjoining power system adjacent to the 
to-be-controlled power system, for each of one or a plurality of adjoining power systems: 

desired value determining means for determining a desired value of tiie reactive power flow or a desired summed 
45 value of the reactive power flows according to the measured values of the reactive power flows and the measured 
values of the effective power flows obtained by the power flow measuring means, a desired voltage value of the to- 
be-controlled power system and one or a plurality of desired voltage values of the adjoining power systems: 
required value calculating means for calculating a required value of a reactive power of the to-be-controlled power 
system according to the measured values of the reactive power flows and the measured values of the effective 
so power flows obtained by tiie power flow measuring means, the desired value of the reactive power flow or the 
desired summed value of the reactive power f tows determined by the desired value determining means, the desired 
voltage value of the to-be-controlled power system and a measured voltage value of the to-be-controlled power 
system: and 

control means for selecting a control apparatus from a plurality of control apparatuses arranged in the to-be-con- 
55 trolled power system according to the required value of the reactive power calculated by the required value calcu- 
lating means and controlling an operation of the selected control apparatus to make the selected control apparatus 
reduce the required value of the reactive power of the to-be-controlled power system 
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[0008] In the above configuration, pieces of locally-existing information composed of a measured value of a reactive 
power flow and a measured value of an effective power flow flowing between the to-be-controlled power system and 
each adjoining power system, the desired voltage value of the to-be-controlled power system, the desired voltage val- 
ues of the adjoining power systems and a measured voltage value of the to-be-controlled power system are collected. 

5 and a required value of a reactive power of the to-be-controlled power system is calculated by the required value calcu- 
lating means according to the locally-existing information. Thereafter, a control apparatus having an electric capacity 
near to the required value of the reactive power is selected from a plurality of control apparatuses arranged in the to-- 
be-controlled power system, and the selected control apparatus is controlled by the control means to make the selected 
control apparatus reduce the required value of the reactive power. Therefore, a voltage of the to-be-controlled power 

to system is increased or decreased by the selected control apparatus, and the required value of the reactive power cal- 
culated by the required value calculating means approaches a zero value. 

[0009] Accordingly, a cooperation of the to-be-controlled power system with the adjoining power systems can be 
performed by collecting the pieces of locally-existing information, and a voltage fluctuation and a reactive power fluctu- 
ation in the to-be-controlled power system can immediately suppressed. 

15 [0010] It is preferable that the required value of the reactive power calculated by the required value calculating 
means include a term which is obtained by multiplying a deviation value of the measured voltage value of the to-be-con- 
trolled power system from the desired voltage value of the to-be-controlled power system by a control constant. 
[001 1] Because a term corresponding to the deviation value between the measured and desired voltage values of 
the to-be-controlled power system is included in the required value of the reactive power, the voltage fluctuation and the 

20 reactive power fluctuation in the to-be-corrtrolled partial power system can be reliably suppressed. 
[001 2] It is preferable that the power system control apparatus furtiier comprise: 

constant value changing means for changing a value of the control constant or the desired voltage value of the to- 
be-controlied power system in cases where a system configuration of the to-be-controlled power system and the 
25 adjoining power systems is changed. 

[0013] Even though a plurality of adjoining power systems exist, because the value of the control constant is 
changed with the system configuration, the voltage fluctuation and the reactive power fluctuation in the to-be-controlled 
partial power system can be reliably suppressed even though the system configuration is changed. 
30 [001 4] It is preferable that the power system control apparatus further comprise: 

constant value changing means for changing a value of the control constant in cases where the desired voltage 
value of the to-be-controlled power system or the desired voltage value of one adjoining power system is changed. 

35 [001 5] In cases where operation conditions of the to-be-controlled power system or the adjoining power system are 
changed, the desired voltage value of the to-be-controlled power system or the adjoining power system is changed. 
Because the value of the control constant is changed with the desired value of the to-be-controlled power system or the 
adjoining power, the voltage fluctuation and the reactive power fluctuation in the to-be-controlled partial power system 
can be reliably suppressed even though the operation conditions of the to-be-controlled power system or the adjoining 

40 power system are changed. 

[0016] The object is also achieved by tine provision of a power system control apparatus, comprising: 

power flow measuring means for measuring a value of a reactive power flow and a value of an effective power flow 
flowing b^ween each of partial power systems composing a to-be-controlled power system and an adjoining power 
45 system adjacent to the partial power system and measuring a value of a reactive power flow and a value of an effec- 
tive power flow flowing between one pair of partial power systems adjacent to each other for each pair of partial 
power systems adjacent to each other; 

desired value determining means for determining a desired value of the reactive power flow flowing between one 
partial power system and the adjoining power system adjacent to the partial power system according to the meas- 

so ured value of the reactive power flow and the measured value of the effective power flow, which flow between the 
partial power system and the adjoining power system, obtained by the power flow measuring means, a desired volt- 
age value of the partial power system and a desired voltage value of the adjoining power system for each partial 
power system and determining a desired value of the reactive power f bw flowing between one pair of partial power 
systems adjacent to each other according to the measured value of the reactive power flow and the measured 

55 value of tiie effective power flow, which flow between the pair of partial power systems, obtained by ttie power flow 
measuring means, two desired voltage values of the pair of partial power systems for each pair of partial power sys- 
tems adjacent to each other ; 

required value calculating means for calculating a required value of a reactive power of each partial power system 
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according to the measured value of the reactive power flow and the measured value of the effective power ftow. 
which flow between the partial power system and one adjoining power system adjacent to the partial power system! 
obtained by the power flow measuring means, the measured value of the reactive power flow and the measured 
value of the effective power flow, which flow between the partial power system and another partial power system 
adjacent to the partial power system, obtained by the power ftow measuring means, the desired value of the reac- 
tive power flow, which ftow between the partial power system and the adjoining power system, and the desired 
value of the reactive power flow, which flow between the partial power system and another partial power system 
adjacent to the partial power system, determined by the desired value determining means, the desired voltage 
value of the partial power system and a measured voltage value of the partial power system; and 
control means for selecting a control apparatus from a plurality of control apparatuses arranged in one partial power 
system according to the required value of the reactive power of the partial power system calculated by the required 
value calculating means for each partial power system and controlling an operation of the selected control appara- 
tus of each partial power system to make the selected control apparatus reduce the required value of the reactive 
power of the partial power system. 

[0017] In the above configuration, a to-be-controlled power system is divided into a plurality of partial power sys- 
tems, each partial power system is adjacent to another partial power system and an adjoining power system. In this 
condition, pieces of locally- existing information composed of a measured value of a reactive power ftow and a meas- 
ured value of an effective power flow flowing between one partial power system and the adjoining power system adja- 
cent to tfie partial power system, a measured value of a reactive power flow and a measured value of an effective power 
flow flowing between the partial power system and another partial power system adjacent to the partial power system, 
a desired voltage value of the partial power system, a desired voltage value of tiie acfloining power system, a desired 
voltage value of another partial power system adjacent to the partial power system, a measured voltage value of the 
partial power system and a measured voltage value of another partial power system adjacent to the partial power sys- 
tem are collected for each partial power system, and a required value of a reactive power of one partial power system 
IS calculated by tiie required value calculating means according to the locally-existing information for each partial power 
system. Thereafter, a control apparatus having an electric capacity near to ttie required value of tiie reactive power of 
one partial power system is selected from a plurality of control apparatuses ananged in ttie partial power system for 
each partial power system, and the selected control apparatus is controlled by the control means for each partial power 
system to make the selected confrol apparatus reduce the required value of tiie reactive power of the partial power sys- 
tem. Therefore, a voltage of each partial power system is increased or decreased by the selected control apparatus, 
and the required value of tiie reactive power calculated by tiie required value calculating means approaches a zero 
value. 

[0018] Accordingly, even though the to-be-controlled power system is divided into the partial power systems, a 
cooperation of the each partial power system with the adjoining power system and another partial power system adja- 
cent to the partial power system can be performed by collecting the pieces of locally-existing information corresponding 
to tiie partial power system, and a voltage fluctuation and a reactive power fluctuation in each partial power system can 
be Immediately suppressed. 

[0019] It is preferable that tiie required value of tiie reactive power of each partial power system calculated by tiie 
required value calculating means include a term which is obtained by multiplying a deviation value of the measured volt- 
age value of tiie partial power system from tiie desired voltage value of tiie partial power system by a conti-ol constant 
[0020] Because a term corresponding to the deviation value between the measured and desired voltage values of 
each partial power system is included in the required value of tiie reactive power of tiie partial power system, tiie voft- 
age fluctuation and tiie reactive power fluctuation in each partial power system can be reliatDly suppressed. 
45 [0021] It is preferable that the power system control apparatijs further comprise: 

constant value changing means for changing a value of the control constant or the desired voltage value of one par- 
tial power system in cases where a system configuration of tiie partial power systems and the adjoining power sys- 
tems is changed. 
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[0022] Because tiie value of tiie control constant is changed with tiie system configuration, the voltage fluctuation 
and tiie reactive power fluctuation in tiie to-be-controlled partial power system can be reliably suppressed even though 
the system configuration is changed. 

[0023] It is preferable that the power system control apparatus further comprise: 

constant value changing means for changing a value of tfie confrol constant in cases where the desired voltage 
value of one partial power system or the desired voltage value of one adjoining power system is changed. 
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[0024] Even though the desired voltage value of one partial power system or one adjoining power is changed 
because operation conditions of the partial power system or the adjoining power are changed, because the value of the 
control constant is changed with the desired voltage value of the partial power system or the adjoining power, the volt- 
age fluctuation and the reactive power fluctuation in the to-be-controlled partial power system can be reliably sup- 
5 pressed even though the operation conditions of the partial power system or the adjoining power system are changed. 
[0025] The object is also achieved by the provision of a power system control apparatus, comprising: 

system predicting means for receiving a load prediction of a to-be-controlled power system and one or a plurality 
of adjoining power systems adjacent to the to-be-controlled power system, predicting first electric infbrrr^tion of the 
10 to-t>e-controlled power system and second electric information between the to-be-contrdled power system and 
each adjoining power system by calculating a power flow between the to-be-controlled power system and each 
adjoining power system according to the load prediction; 

operation predicting means for predicting an operation of each of one or a plurality of control apparatuses arranged 
in the to-t>e<;ontrolled power system according to the first electric information and the second electric information 
15 predicted by the system predicting means; and 

schedule setting means for setting an operation schedule of the control apparatuses according to the operation pre- 
diction obtained by the operation predicting means to adjust the first electric information or the second electric infor- 
mation under controi of the control apparatuses operated according to the operation schedule. 

20 [0026] In the above configuration, when a load prediction such as a predicted value of a load fluctuation obtained 
from a load result is received, first electric information such as a voltage value and a power flow of a transmission line 
in the to-be-controlled power system is predicted according to the load prediction. Also, second electric information 
such as a power flow of an interconnection line connecting the to-be-controlled power system and each adjoining power - 
system is predicted according to the load prediction. Thereafter, the operation of one or a plurality of control appara- 

25 tuses used to reduce a voltage fluctuation or a reactive power fluctuation in the to-be-controlled power system is pre- 
- dieted according to the first electric information and the second electric information, and an operation schedule of the 
control apparatuses is set according to the operation prediction. Therefore, the control apparatuses are operated 
according to the operation schedule, and the first electric information or the second electric information is adjusted. 
[0027] Accordingly, in cases where the control apparatuses are operated according to the operation schedule, a ^ 

30 voltage fluctuation or a reactive power fluctuation in tiie to-be-controlled power system can be immediately suppressed.*^ . 
[0028] It is preferable that the power system control apparatus furtiier comprise: 

power flow measuring means for measuring a value of a reactive power flow and a value of an effective power flow, 
which respectively f bw between the to-be-controlled power system and each adjoining power system adjacent to . 

35 the to-be-comrolled power system; 

desired value determining means for determining a desired value of the reactive power flow according to the meas- 
ured values of the reactive power flows and the measured values of the effective power flows obtained by the power 
flow measuring means, a desired voltage value of the to-be-controlled power system and one or a plurality of 
desired voltage values of the adjoining power systems; 

40 required value calculating means for calculating a required value of a reactive power of the to-be-controlled power 
system according to the measured values of the reactive power flows and the measured values of the effective 
power flows obtained by the power flow measuring means, the desired value of the reactive power flow determined 
by the desired value determining means, the desired voltage value of the to-be-controlled power system and a 
measured voltage value of the to-t>e-controtled power system; 

45 corrtrol means for selecting a conti^ol apparatus from the control apparatuses according to the required value of the 
reactive power calculated by the required value calculating means, determining an operation instruction required 
for the selected control apparatus according to the required value of the reactive power and providing the operation 
instruction for the selected control apparatus to make the selected control apparatus reduce the required value of 
the reactive power of the to4>e-controlted power system in an operation of the selected conti-ol apparatus indicated 

so by the operation instruction; and 

schedule revising means for revising the operation schedule of the control apparatuses set by the schedule setting 
means to make a revised operation schedule match with the operation of the control apparatus selected by the con- 
trol means in cases where the control apparatus selected by the control means or the operation of the control appa- 
ratus selected by the control means does not match with the operation schedule of the control apparatuses, the 

55 control apparatuses being operated according to the revised operation schedule. 

[0029] In cases where the selection of tiie control apparatus or the operation of tiie confrol apparatus determined 
by the control means does not match witii the operation schedule of the control apparatuses, the operation schedule is 
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revised to a revised operation schedule. 

[0030] Acx»rdingly. even though the load prediction is different from an actual load required for the to4)e-controlled 
power system and the adjoining power systems, the operation schedule is revised to a revised operation schedule, the 
to*e-controlled power system and the adjoining power systems can be automatically controlled according to the 
s revised operation schedule, so that the voltage fluctuation or the reactive power fluctuation in the to-be-controlled power 
system can be reliably suppressed. 

[0031] The object is also achieved by the provision of a power system control apparatus, comprising: 

electric information predicting means for calculating a predicted value of first electric information corresponding to 
10 a to-be-controlled power system from a measured value of the first electric information of the to-be-controlled 
power system; 

communicating means for receiving a predicted value of second electric information and a measured value of the 
second electric information from each of one or a plurality of adjoining power systems adjacent to the to-be-con- 
trolled power system; 

15 operation predicting means for predicting an operation of each of a plurality of first control apparatuses arranged in 
the to-be-controlled power system from the predicted value of the first electric information and the measured value 
of the first electric information obtained by the electric information predicting means and predicting an operation of 
each of a plurality of second control apparatuses arranged in one adjoining power system from the predicted value 
of tiie second electric information and the measured value of the second electric information received by the com- 

20 municating means from the adjoining power system for each adjoining power system; 

control means for selecting a particular first control apparatus from the first control apparatuses arranged in the to- 
be-controlled power system according to the operation prediction for the first control apparatuses and the operation 
prediction for the second control apparatuses obtained by the operation predicting means and controlling the 
selected control apparatus to adjust the first electric information of the to-be-controlled power system to the pre- 

25 dieted value obtained by the electric information predicting means. 

[0032] In the above configuration, a first influence of tiie operation prediction for tiie second control apparatuses of 
the adjoining power systems on the first electric information of the to-be-controlled power system is estimated by tiie 
control means, a second influence of the operation prediction for the first control apparatuses of the to-be-controlled 
30 power system on the second electric information of each adjoining power system is estimated by the control means, 
and a particular first control apparatus is selected by the control means from the first control apparatuses of the to-be- 
controlled power system according to tiie first influence, the second influence and tine predicted value of the first electric 
information. 

[0033] Accordingly, because the particular first control apparatus is selected by considering the operation predic- 
35 tion for the first and second control apparatuses of tiie to-be-controlled and adjoining power systems, a control appara- 
tus optimum for tiie adjustment of the first electric information of the to-be-controlled power system can be selected by 
collecting locally-existing information composed of the first electi-ic information and tiie second electric information, so 
that a fluctuation of the first electric information such as a voltage fluctuation or a reactive power fluctuation in the to- 
be-controlled power system can be immediately suppressed. 
40 [0034] TTie object is also achieved by the provision of a power system control metiiod. conprising the steps of: 

measuring a value of a reactive power flow and a value of an effective power flow, which respectively flow between 
a to-be-controlled power system and an adjoining power system adjacent to the to-be-controlled power system; 
determining a desired value of the reactive power flow according to the measured value of the reactive power flow 
45 and the measured value of the effective power flow, a desired voltage value of the to-be-controlled power system 
and a desired voltage value of the adjoining power system; 

calculating a required value of a r^ctive power of the to-be-controlled power system according to the measured 
value of the reactive power flow, the measured value of the effective power flow, tfie desired value of the reactive 
power f bw, the desired voltage value of the to-be-controlled power system and a measured voltage value of the to- 
50 be-controlled power system ; 

selecting a confrol apparatus from a plurality of control apparatuses arranged in the to-be-controlled power system 
according to tiie required value of the reactive power; and 

controlling an operation of the selected control apparatus to make the selected control apparatus reduce the 
required value of the reactive power of the to-be-controlled power system. 

55 

[0035] In the above steps, a cooperation of the to-be-corrtrolled power system with the adjoining power system can 
be performed by collecting pieces of locally-existing information, and a voltage fluctuation and a reactive power fluctu- 
ation in tiie to-be-controlled power system can be immediately suppressed. 
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[0036] The object is also achieved by the provision of a power system control method, comprising the steps of: 

measuring a value of a reactive power flow and a value of an effective power flow flowing between each of partial 
power systems composing a to-be-controlled power system and an adjoining power system adjacent to the partial 
5 power system; 

measuring a value of a reactive power flow and a value of an effective power flow flowing between one pair of partial 
power systems adjacent to each other for each pair of partial power systems adjacent to each other; 
determining a desired value of the reactive power flow flowing between one partial power system and the adjoining 
power system adjacent to the partial power system according to the measured value of the reactive power flow and 
10 the measured value of the effective power flow flowing between the partial power system and the adjoining power 
system, a desired voltage value of the partial power system and a desired voltage value of the adjoining power sys- 
tem for each partial power system; 

determining a desired value of the reactive power flow flowing between one pair of partial power systems adjacent 
to each other according to the measured value of the reactive power flow arxj the measured value of the effective 
75 power flow flowing between the pair of partial power systems, and two desired voltage values of the pair of partial 
power systems for each pair of partial power systems adjacent to each other; 

calculating a required value of a reactive power of each partial power system according to the measured value of 
the reactive power flow and the measured value of the effective power flow flowing between the partial power sys- 
tem and one adjoining power system adjacent to the partial power system, the measured value of the reactive 

20 power flow and the measured value of the effective power flow flowing between the partial power system and 
another partial power system adjacent to the partial power system, the desired value of the reactive power flow 
flowing between the partial power system and the adjoining power system, the desired value of the reactive power 
flow flowing between the partial power system and another partial power system adjacent to the partial power sys- 
tem, the desired voltage value of the partial power system and a measured voltage value of the partial power sys- 

25 tern; 

selecting a control apparatus from a plurality of control apparatuses arranged in one partial power system accord- 
ing to the required value of the reactive power of the partial power system for each partial power system; and 
controlling an operation of the selected control apparatus of each partial power system to make the selected control 
apparatus reduce the required value of the reactive power of the partial power system. 

30 ' 

[0037] In the alxjve steps, even though the to-be-controlled power system is divided into the partial power systems, 
a cooperation of the each partial power system with the adjoining power system and another partial power system adja- 
cent to the partial power system can be performed by collecting pieces of locally-existing information corresponding to 
the partial power system, and a voltage fluctuation and a reactive power fluctuation in each partial power system can 
35 be Immediately suppressed. 

[0038] The object is also achieved by the provision of a power system control method; comprising tiie steps of: 

receiving a load prediction of a to-be-controlled power system and one or a plurality of adjoining power systems 
adjacent to tiie to-be-oontrotled power system; 

40 predicting first electric information of the to-be-controlled power system and second electric information between 
the to-be-controlled power system and each adjoining power system by calculating a power flow between the to- 
be-controlled power system and each adjoining power system according to the load prediction; 
predicting an operation of each of one or a plurality of control apparatuses arranged in the to-be-controlled power 
system according to the first electric information and tiie second electric information; an6 

45 setting an operation schedule of the control apparatuses according to the operation prediction to operate the con- 
trol apparatuses according to the operation schedule. 

[0039] In the above steps, because the control apparatuses are operated according to the operation schedule, a 
voltage fluctuation or a reactive power fluctuation in tiie to-be-controlled power system can be immediately suppressed. 
so [0040] The object is also achieved by tiie provision of a power system control method, comprising the steps of: 

calculating a predicted value of first electric information corresponding to a to-be-controlled power system from a 
measured value of the first electric information of tiie to-be-controlled power system; 

receiving a predicted value of second electric information and a measured value of the second electric information 
55 from each of one or a plurality of adjoining power systems adjacent to the to-be-controlled power system: 

predicting an operation of each of a plurality of first control apparatuses arranged in the to-t>e-controlled power sys- 
tem from the predicted value of tiie first electi-ic information and the measured value of the first electiic information; 
predicting an operation of each of a plurality of second control apparatuses arranged in one adjoining power system 
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from the predicted value of the second electric information and the measured value of the second electric informa- 
tion received from the adjoining power system for each adjoining power system; 

selecting a particular first control apparatus from the first control apparatuses arranged in the to-be-controlled 
power system according to the operation prediction for the first control apparatuses and the operation prediction for 
5 the second control apparatuses; and 

controlling the selected control apparatus to ojjust the first electric information of the to-be-controlled power sys- 
tem to the predicted value. 

[0041 ] In the steps, a control apparatus optimum for the adjustment of the first electric information of tfie to-be-con- 
10 trolled power system can be selected, so tfiat a fluctuation of tfie first electric information such as a voltage fluctuation 
or a reactive power fluctuation in ttie to-be-controlled power system can be immediately suppressed. . 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 [0042] 

Rg. 1 is a tAock diagram of a power system control apparatus according to a first embodiment of the present inven- 
tion; 

Fig. 2 is a diagram showing a power system to be controlled by the power system control apparatus shown in Fig. 
20 1 and an adjoining power system adjacent to the power system to be controlled; 

Fig. 3 is a flow chart showing a power system control method applied for the power system control apparatus 
shown in Fig. 1 ; 

Rg. 4 is a block diagram of a power system control apparatus according to a modification of the first embodiment; 
Fig. 5 is a diagram showing a power system to be controlled by the power system control apparatus shown in Fig. 
25 4 and two adjoining power systems adjacent to the power system to be controlled; 

• Rg. 6 is a diagram showing a power system to be controlled and two adjoining power systems adjacent to the 
power system to be controlled according to another modification of the first embodiment; 
Rg. 7 is a diagram showing a power system to be controlled according to another modification of the first embodi- 
ment; 

30 Rg. 8 is a diagram showing a power system to be controlled according to another modification of the first embodi- 
ment; 

Rg, 9 is a diagram showing a power system to be controlled and a plurality of adjoining power systems adjacent to 
the power system to be controlled according to another modification of the first embodiment; 
Rg. 10 is a diagram showing a power system to be controlled and a plurality of adjoining power systems adjacent 
35 to tfie power system to be controlled according to another modification of the first embodiment; 

Rg. 11 is a block diagram of a power system control apparatus according to a second errtxxfiment of the present 
invention; 

Rg. 1 2 is a diagram showing two partial power systen^s composing a power system to be controlled by the power 
system confrol apparatus shown in Rg. 1 1 and two adjoining power systems adjacent to the power system to be 
40 controlled; 

Rg. 13 is a flow chart showing a power system control method applied for the power system control apparatus 
shown in Fig. 1 1 ; 

Rg. 1 4 is a block diagram showing three partial power systems composing a power system to be controlled accord- 
ing to a -modification of the second embodiment; 
45 Rg. 1 5 is a block diagram showing a plurality of partial power systems composing a power system to be controlled 
according to another modification of the second embodiment; 

Rg. 16 is a block diagram of a power system conb-ol apparatus according to a third embodiment of the present 
invention; 

Rg. 17 is a block diagram of a power system control apparatus according to a fourth embodiment of the present 
so invention: 

Rg. 18 is a block diagram of a power system control apparatus according to a fifth embodiment of the present 
invention; 

Rg. 19 is a block diagram off a power system control apparatus according to a sixth embodiment of the present 
invention; 

55 Rg. 20 is a block diagram of a power system control apparatus arranged for each power system according to a sev- 
enth emtxxJiment of the present invention; 

Rg. 21 is a flow chart showing a px)wer system control method applied for each power system conf ol apparatijs 
according to tfie seventh embocOment; 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0043] The invention will now be described with reference to the accompanying drawings. EMBODIMENT 1 
[0044] Fig. 1 is a block diagram of a power system control apparatus according to a first embodiment of the present 

5 invention, and Fig. 2 is a diagram showing a power system to be controlled by the power system control apparatus 
shown in Fig. 1 and an adjoining power system adjacent to the power system to be controlled. 
[0045] As shown in Fig. 2, a power system 1 to be controlled (hereinafter, called a to-be-controlled power system) 
is adjacent to an adjoining power system 2 through a boundary point 4. The adjoining power system 2 comprises a volt- 
age monitoring bus 6 at which a voltage value Vj is measured and a desired voltage value is Vjq. The to-be-controlled 

10 power system 1 comprises a voltage monitoring bus 5 at which a voltage value Vj is measured and a desired voltage 
value is VjQ. The tx>undary point 4 is placed at a mid position of an interconnection line 3 connecting the to-be-controlled 
power system 1 and the adjoining power system 2. and an effective power flow Pjj and a reactive power flow Qji flow 
from the adjoining power system 2 into the to-be-controlled power system 1 through the interconnection line 3. 
[0046] As shown in Fig. 1, a power system control apparatus comprises: 

15 

a power flow measuring unit 1 1 . functioning as a power flow measuring means, for measuring the effective power 
flow Pjj and the reactive power flow Qji, which flow from the adjoining power system 2 into the to-be-controlled 
power system 1 , at the voltage monitoring bus 5; 

a desired reactive power value determining unit 12. functioning as a desired value determining means, for deter- 
20 mining a value Q*Mj\ of the reactive power flow desired at the boundary point 4 of the interconnection line 3 accord- 
ing to the desired voltage values V|o and Vp of the buses 5 and 6 and the effective power flow Pj; arxJ the reactive 
power flow Qjj flowing into the bus 5 of the to-be-controlled power system 1 ; 

a reactive power required value calculating unit 13. functioning as a required value calculating means, for calculat- 
ing a required value OARi of a reactive power in the to-be-controlled power system 1 according to the desired value 

25 Q*Mji of the reactive power flow determined in the desired reactive power value determining unit 12. the effective 
power flow Pjj and the reactive power flow Qjj measured in the power flow measuring unit 11 . the measured voltage 
value Vj of the bus 5 of the to-be-controlled power system 1 and the desired voltage value Vjo of the bus 5 of the to- 
be-controlled power system 1 . the reactive power required value Qari denoting a surplus/shortage reactive power 
in the to-be-controlled power system 1 ; and 

30 a control apparatus controlling unit 14, functioning as a control means, for selecting one or more control appara- 
tuses to be controlled from all voltage/reactive power control apparatuses existing in the to-be-controlled power 
system 1 and controlling tiie selected control apparatuses to adjust a voltage value at the bus 5 for the purpose of 
reducing the reactive power required value Qari calculated in the reactive power required value calculating unit 13 
to a zero value. 

35 

[0047] The effective power flow Pjj and the reactive power flow Qjj flowing from the to-be-controf led power system 
1 into the adjoining power system 2 are respectively measured as a negative value in the power flow measuring unit 1 1 . 
In the desired reactive power value determining unit 12. the desired value Q'^jj of the reactive power flow flowing from 
the adjoining power system 2 into the to-be-controlled power system 1 is set to a positive value, and the desired value 
40 Q*,y^jj of the reactive power flow flowing from the to-be-controlled power system 1 into the adjoining power system 2 is 
set to a negative value. 

[0048] In the atx>ve configuration, an operation of the power system control apparatus is described with reference 
to Fig. 3. 

[0049] Fig. 3 is a flow chart showing a power system control method applied for the power system control apparatus 
45 shown in Fig. 1 . 

[0050] When a value Pjj of an effective power flow and a value Qjj of a reactive power flow at the voltage monitoring 
tDus 5 of the to-be-controlied power system 1 are measured in the power flow measuring unit 1 1 as measured values of 
the power flows flowing from the adjoining power system 2 Into the to-t^-controiled power system 1 . a desired voltage 
value Vjo of the bus 5 is input to the desired reactive power value determining unit 12 and the reactive power required 

so value calculating unit 1 3. and a desired voltage value Vjo of the voltage monitoring bus 6 is input to the desired reactive 
power value determining unit 12 (step ST1). The desired voltage values V|o and VjQ are set in advance. Also, the meas- 
ured values Pjj and Qjj of the effective power flow and the reactive power flow at tiie bus 5 are input to the desired reac- 
tive power value determining unit 12 and the reactive power required value calculating unit 13. and a measured voltage 
value Vj of the bus 5 is input to the reactive power required value calculating unit 13 (step ST2). 

55 [0051 ] Thereafter, a desired value O^Mji of the reactive power flow flowing from the adjoining power system 2 into 
the to-be-controlled power system 1 through the interconnection line 3 is determined in the desired reactive power value 
determining unit 12 according to the desired voltage values Vjo and Vjo of the t>uses 5 and 6, the measured value Pjj of 
the effective power flow at ttie bus 5 and the measured value Qjj of the reactive power flow at the bus 5(step ST3). The 
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desired value Q*^j is obtained according to an equation (1). 

Q*Mji = R/(R% X^)*(RQ^ - XP^) + X/{2{R=^ + X^)nv^ ^) (1) 

The desired value Q*Mjj of the reactive power f bw is a value of the reactive power flow at the boundary point 4, a syirtx)l 
R denotes a real part of an impedance Zjj of the into-connection line 3 connecting the to-be-controlled power system 1 
and the adjoining power system 2. a symbol X denotes an imaginary part (or reactance) of the impedance 
Zq (2g = R + jX) . and a value Pji + pj} denotes a power flow, which flows from the adjoining power system 2 into the 
to-be-controlled power system 1 , measured at the bus 5 of the to^t)e-controlled power system 1. 
[CM)52] Because the boundary point 4 between the to-t>e-oontrolled power system 1 and the adjoining power system 
2 IS placed at the mid position of the interconnection line 3, in cases where the measured voltage value Vj of the bus 6 
of the adjoining power system 2 agrees with the desired voltage value Vjo set in advance and in cases where an effec- 
tive power flow actually flowing the interconnection line 3 agrees with the effective power flow Pjj at the bus 5 measured 
in the power flow measuring unit 11. the desired value Q*m| of the reactive power fbw obtained in the equation (1) 
denotes an appropriate reactive power flow value required at the boundary point 4 to make the measured voltage value 
Vj of the bus 5 of the to-be^ontrolled power system 1 agree with the desired voltage value Vjo of the bus 5. 
[0053] Accordingly, though the boundary point 4 between the to-be^ntrolled power system 1 and the adjoining 
power system 2 is placed at the mid position of the interconnection line 3 in this embodiment, it is not required in the 
present invention to place the boundary point 4 at the mid position of the interconnection line 3. Also, though a meas- 
uring point of the power flows Pjj and is set to the bus 5 of the first power system 1 . it is not required in the present 
invention to place the measuring point at the bus 5. Therefore, in cases where the boundary point 4 is not placed at the 
mid position of the interconnection line 3 or in cases wfhere the measuring point of the power flows Pg and Q.^ is not 
placed at the bus 5, the equation (1) is properly modified, so that the desired value Q*Mji of the reactive power flow can 
be appropriately obtained according to a modified equation, 
25 [0054] Thereafter, when the desired value Q*Mji of the reactive power flow flowing the interconnection tine 3 is 
determined in the desired reactive power value detemiining unit 12. a value Omji of the reactive power fbw at the bound- 
ary point 4 of the interconnection line 3 is calculated in the reactive power required value calculating unit 13 according 
to the effective power flow Pjj and the reactive power flow Qji measured in tiie power flow measuring unit 11 and tfie 
measured voltage value Vj of the bus 5. The reactive power flow value Q^j is obtained according to an equation (2). 
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Q Mjl = Q ji + X(P + ji)/(2V 2 i) (2) 

The reactive power flow value Q^y, is positive in cases where the reactive power flow flows from the adjoining power 
system 2 into the to-be-controlled power system 1 . and the value Qm| is negative in cases where the reactive power 
35 flow flows from the to-be-controlled power system 1 into the adjoining power system 2. 

[0055] Thereafter, a required value Qari of a reactive power in tfie to-be-controlled power system 1 is calculated in 
the reactive power required value calculating unit 13 according to the reactive power flow value Qfj^u. the desired value 
Q*Mji of the reactive power flow determined in the desired reactive power value determining unit 12. the measured volt- 
age value Vj of the txjs 5 of the to-be-controlled power system i and the desired voltage value of the bus 5 of the 
to^De-controlled power system 1 (step ST4). The reactive power required value Qari is obtained according to an equa- 
tion (3): — 1 

QARi = QMjrQ*Mii + K(Vj.Vio) (3) 

where tfie symbol K denotes a power-reactive power characteristic coefficient (hereinafter called a control constant). 
[0056] The first term Q^ji - Q*^^ of the equation (3) denotes a surplus/shortage reactive power flow at tine boundary 
point 4 for the desired reactive power flow value Q*Mji. which is required to maintain the measured voltage value Vj of 
the bus 5 of the to-be-controlled power system 1 to tiie desired voltage value Vjo, in cases where the measured voltage 
value Vj of the bus 6 of the adjoining power system 2 agrees witii the desired voltage value Vjo of the bus 6. That is. a 
positive value of the first term denotes a surplus reactive power flow, and a negative value of the first tenn denotes a 
shortage reactive power flow. 

[0057] The second term K(Vj - Vjo) of the equation (3) denotes a surplus/shortage reactive power of the to-be-con- 
trolled power system 1 resulting from a deviation value (Vj - Vjo) of tiie measured voltage value Vj of the bus 5 from the 
desired voltage value Via of the bus 5 and is obtained by multiplying tfie deviation value (Vj - Vjo) by the control constant 
K. That IS. a positive value of the second terni denotes a surplus reactive power, and a negative value of the second 
term denotes a shortage reactive power. Therefore, the equation (3) composed of the first and second terms indicates 
a reactive power to be reduced or supplemented in the to-beK»ntrolled power system 1 to be controlled. 
[0058] Therefore, the control constant K of the second term of the equation (3) can be determined in cases where 
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the relationship between a reactive power fluctuation and a voltage fluctuation at the voltage measuring point (that is, 
the kxjs 5 of the to-be-controlled power system 1) is set, and the supplementary/reducing reactive power resulting from 
the voltage deviation value can be obtained according to the second term of the equation (3). In this case, the control 
constant K Is appropriately set while considering a short circuit capacity at the voltage measuring point, the relationship 
5 between the to-be-controlled power system 1 and the adjoining power system 2 and an importance degree of ttie volt- 
age maintenance. 

[0059] Thereafter, when the reactive power required value Qari is calculated in the reactive power required value* 
calculating unit 13, one or more control apparatuses to be operated are selected in tiie control apparatus controlling unit 
14 from all voltage/reactive power control apparatuses existing in the to-be-controlled power system 1 according to the 

10 reactive power required value Qari (step ST5), operation conditions (for example, an operation time period and an oper- 
ation degree) of each selected control apparatus are detennined according to the reactive power required value QARi 
(step ST6), and an operation instruction indicating the operation conditions is output to each selected control apparatus 
to control operations of the selected control apparatus (step ST7). Theretbre, the voltage of tiie bus 5 of the to-be-con- 
trolled system 1 is adjusted by the selected control apparatuses to make the reactive power required value QARi agree 

15 with a zero value. 

10060} For example, in cases where condensers and reactors exist in tiie to-be^ntrolled power system 1 as a plu- 
rality of voltage/reactive power control apparatuses, one control apparatus having a reactive power capacity nearest to 
the reactive power required value Qari of the to-be-controlled power system 1 is selected from the voltage/reactive 
power control apparatuses, an operation instruction or an operation stop instruction is sent to the selected control appa- 

20 ratus, and an operation of the selected control apparatus is started or stopped according to the operation instruction or 
the operation stop instruction to set a difference between the voltage of the bus 5 of the to-be-controlled power system 
1 and tiie desired voltage Vjo of \he to-be-conti-olled power system 1 and a difference between tine reactive power flow 
Q^ji flowing into the to-be-controlled power system 1 and \he desired reactive power flow value Q*Mjj of the to-be-con- 
trolled power system 1 within a prescribed allowed range. In detail, in cases where the voltage of the bus 5 is increased 

25 by the selected control apparatus, the value QMji of the reactive power flow at the boundary point 4 of the interconnec- 
tion line 3 is decreased to decrease the reactive power required value Qari. and the measured voltage value at the bus 
5 is increased to inaease the reactive power required value Qari- 'n contrast, in cases where the voltage of the bus 5 
is decreased by the selected control apparatus, the value QMji of the reactive power flow at tiie boundary point 4 of the 
interconnection line 3 is increased to increase the reactive power required value Qari, and tiie measured voltage value 

30 at the bus 5 is decreased to decrease tiie reactive power required value Qari. 

[0061] Thereafter, tiie steps ST2 to ST7 are repeated until the voltage control or the reactive power control in tfie 
to-be-controlled power system 1 is not required(step ST8). 

[0062] Accordingly, because tiie reactive power required value QARi of tiie to-be-controlled power system 1 is cal- 
culated according to tiie effective power flow Pjj and the reactive power flow Qjj measured in the power flow measuring 

35 unit 1 1 and the desired value Q*Mji oi tiie reactive power flow determined in tiie desired reactive power value determin- 
ing unit 12. tiie cooperation of tiie to-be-controlled power system 1 with the adjoining power system 2 can be performed 
by collecting locally-existing-information (for example, tiie measured value Pjj of the effective power flow, the measured 
value Qjj of tiie reactive power flow, the measured voltage value Vj of the bus 5, the desired value Vj^ of the bus 5 locally 
existing in tiie to-be-controlled power system 1 and tiie desired voltage values of tiie bus 6 locally existing in tiie 

40 adjoining power system 2), and a voltage fluctuation and a reactive power fluctuation in tiie to-lje-controlled power sys- 
tem 1 can be immediately suppressed. 

[0063] In this embodiment, condensers and reactors existing in the to-be-controlled power system 1 are used as a 
plurality of voltage/reactive power control apparatuses. However, it is applicable that a voltage control apparatus using 
a transformer tap or a power-electronics apparatus, a step-up transformer of a generator and a terminal voltage control 

45 apparatus of a generator be used as a plurality of voltage/reactive power control apparatuses. That is, any control appa- 
ratuses used to control a voltage and a reactive power are useful as a voltage/reactive power control apparatus. 
[0064] Also, in this emlxxiiment, one control apparatus having a reactive power capacity nearest to the reactive 
power required value Qari of the to-be-controlled power system 1 is selected. However, the present invention is not lim- 
ited to tills selecting method. For example, it is applicable that a plurality of control apparatuses be selected. 

50 [0065] Next, a modification of tiie first embodiment is described with reference to Fig. 4 and Fig. 5. 

[0066] Fig. 4 is a block diagram of a power system control apparatus according to a modification of the first embod- 
iment, and Fig. 5 is a diagram showing a power system to be controlled by the power system conti^ol apparatus shown 
in Fig. 4 and two adjoining power systems adjacent to the power system to be controlled. 

[0067] As shown in Fig. 5. a plurality of adjoining power systems 2 represented by two adjoining power systems 2a 
55 and 2b are adjacent to the to-be-controlled power system 1 through a plurality of boundary points 4 represented by two 
boundary points 4a and 4b, and tiie adjoining power systems 2 are connected witii tiie to-t>e-controlled power system 
1 through a plurality of interconnection lines 3 represented by two interconnection lines 3a and 3b. A plurality of desired 
voltage values (j=1 .2.-*,n) set at voltage monitoring buses 6 of the adjoining power systems 2 are represented by a 
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desired voltage value V^o set at a voltage rTX)nitoiing bus 6a of the adjoining power system 2a and a desired voltage 
value Vjo set at a voltage monitoring bus 6b of the adjoining power system 2b. 
[0068] As shown in Rg. 4, a power system control apparatus comprises: 

the plurality of power ftow measuring units 11, respectively corresponding to one Interconnection line 3, for meas- 
uring effective power flows and reactive power flows (represented an effective power flow P^j and a reactive 
power flow Q^j flowing from the adjoining power systems 2a into the to-be-controlled power system 1 and an effec- 
tive power flow Pjj and a reactive power ftow Qjj flowing from the adjoining power systems 2b into the to-be-control- 
led power system 1). which flow from the adjoining power systems 2 into the to-be-controlled power system 1. at 
the voltage monitoring bus 5; 

the desired reactive power value determining unit 12 tor determining a summed value Q*Mni <^ the reactive power 
flows desired at the boundary points 4 of the interconnection lines 3 according to the desired voltage value Vjo of 
the bus 5, the desired voltage values (represented by and V^o) of the buses 6 and measured values (repre- 
sented by Pjj and P^j) of the effective power flows and measured values (represented by Qp and of the reactive 
power flows flowing into the bus 5 of the to-be-controlled power system 1 ; 

the reactive power required value calculating unit 13 for calculating a reactive power required value Qari of the to- 
be-controlled power system 1 according to the desired value Q*Mnj of the reactive power flows determined in the 
desired reactive power value determining unit 12. the effective power flows and the reactive power flows measured 
in the power flow measuring unit 1 1 , the measured voltage value Vj of the bus 5 of the to-be-controlled power sys- 
tem 1 and the desired voltage value VjQ of the bus 5 of the to-be-controlled power system 1 ; and 
the control apparatus controlling unit 14. 

[0069] In this modification, a desired summed value Q*^^, the reactive power flows at the boundary points 4 of 
the interconnection lines 3 is determined according to an equation (4a): 



Q* Mni = Z y ' y + X ' y)*(R ^O^-X^P^^X ^/(2{R ^j + x ^ ^^^(V ^ .,o- V ' jo)} (4a) 
j=i 



where Z|j = R ^ + j Xy (j=1 .2.-.n) indicates an impedance of the interconnection line 3 connecting the to-be-controlled 
power system i and each adjoining power system j. 

[0070] A summed value Q^nj of reactive power flows at the boundary points 4 of the interconnection lines 3 is cal- 
culated according to an equation (4b) in the reactive power required value calculating unit 13. 



Qm™ = Z {Qji + Xy(P%i + ii)/(2V' i)} (4b) 



The reactive power required value Qari of the to-be-controlled power system 1 is obtained according to an equation 
(4c). 

QARi = Qm™ - Q*Mni + K(Vj - Vjo) (4C) 

[0071 ] Also, in another modification of the first embodiment, as shown in Fig. 6. it is applicable that a plurality of volt- 
age monitoring buses 5 represented by two buses 5a and 5b be arranged in the to-be-controlled power system 1 . 
[0072] Also, in another modification of the first embodiment, as shown in Fig. 7. it is applicable that a plurality of volt- 
age monitoring buses be an^anged in series. Also, as shown in Fig. 8. it is applicable that a plurality off voltage monitoring 
buses be arranged in a loop shape or a mesh shape. 

[0073] Also, in another modification of the first embodiment, as shown in Rg. 9. it is applicable that the to-be-con- 
trolled power system 1 to be controlled be radially connected with a plurality of adjoining power systems 2. Also, as 
shown in Fig. 10, it is applicable that the to-be-controlled power system 1 be connected with a plurality of adjoining 
power systems 2 in a loop shape or a mesh shape. 

EMBODIMENT 2 

[0074] Rg. 11 is a block diagram of a power system control apparatus according to a second embodiment of the 
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present invention, and Fig. 12 is a diagram showing two partial power systems composing a to-be-controlled power sys- 
tem by the power system control apparatus shown In Rg. 1 1 and two adjoining power systems adjacent to the to-be- 
controlled power system. 

[0075] As shown in Fig. 1 2. a to-be-controlled power system 1 comprises a first partial power system 1 a and a sec- 
5 ond partial power system lb connected with each other through an interconnection line Sc. The first partial power sys- 
tem 1 a is adjacent to a first adjoining power system 2a through an interconnection line 3a. and the second partial power 
system lb is adjacent to a second adjoining power system 2b through an interconnection line 3b. 
[0076] As shown in Fig. 1 1 . a power system control apparatus comprises: 

10 a first power flow measuring unit 11a, functioning as a flow measuring means, for measuring an effective power 
flow Pki and a reactive power flow Q^, which flow from the adjoining power system 2a into the first partial power 
system 1a, at the bus 5a of the first partial power system la; 

a second power flow measuring unit lib. functioning as the flow measuring means, for measuring an effective 
power flow Pjj and a reactive power flow Qj|. which flow from the adjoining power system 2b into the second partial 
IS power system 1 b. at the bus 5b of the second partial power system lb; 

a first inter-partial system power flow measuring unit 21a, functioning as the flow measuring means, for measuring 
an effective power flow P^i and the reactive power flow Qi2i. which flow from the second partial power system lb 
into the first partial power system la, at the bus 5a; 

a second inter-partial system power flow measuring unit 21b. functioning as the flow measuring means, for meas- 

20 uring an effective power flow P^'^2 and a reactive power flow Q^^2* which flow from the first partial power system la 

into the second partial power system 1 b, at the bus 5b; 

a desired reactive power value determining unit 22, functioning as a desired value determining means, for deter- 
mining a value Q*Mki of the reactive power flow desired at a boundary point 4a of the interconnection line 3a accord- 
ing to the desired voltage values VkO and Vj,o f^e buses 6a and 5a and the effective power flow P^i and the 

25 reactive power flow 0^ measured in the first power flow measuring unit 11a, determining a value Q*Mji of the reac- 
tive power flow desired at a tx)undary point 4b of the interconnection line 3b according to the desired voltage values 
Vjo and Vi2o of the buses 6b and 5b and the effective power flow P| and the reactive power flow Qjj measured in the 
second power flow measuring unit 1 1 b. and determining a value Q*mi of the reactive power flow desired at a bound- 
ary point 4c of the interconnection line 3c according to the desired voltage values Vj^o and Vjgo of the Ixjses 5a and 

30 5b and the effective power flow Pj2i (or P^g) and the reactive power flow Qj2i (or Qna) measured in the first inter- 
partial system power flow measuring unit21a (or the second inter-partial system power flow measuring unit 21b); 
a reactive power required value calculating unit 23, functioning as a required value calculating means, for calculat- 
ing a reactive power required value Qarm of the first partial power system la and a reactive power required value 
QARi2 oi the second partial power system 1 b according to the desired values Q*Mki. Q*Mii and Q*Mi of the reactive 

35 power flows determined in the desired reactive power value determining unit 22. the effective power flows P^i. Pji. 
Pi2i and Pji2 and the reactive power flows Qki. Qjj, Qj2i and Qm2 measured in the power flow measuring units 11a 
and lib and the inter-partial system power flow measuring units 21a and 21b, the measured voltage values Vji and 
of the buses 5a and 5b of the partial power systems la and lb and the desired voltage values V^q. Vp .Vjio and 
Vi2o t^»e buses 6a. 6b. 5a and 5b of the power systems 2a, 2b, la and lb; and 

40 a control apparatus controlling unit 24, functioning as a control means, for selecting one or more control appara- 
tuses to be controlled from all voltage/reactive power control apparatuses existing in the first partial power system 
la according to the reactive power required value Qarii of the first partial power system la calculated In the reac- 
tive power required value calculating unit 23. selecting one or more control apparatuses to be controlled from all 
voltage/reactive power control apparatuses existing in the second partial power system lb according to the reactive 

45 power required value QARi2 second partial power system lb calculated in the reactive power required value 
calculating unit 23, controlling the selected control apparatuses of the first partial power system la to adjust values 
QMki and Q^j of reactive power f lowvs, which flows from the adjoining power system 2a and the second partial power 
system lb to the first partial power system la, at the boundary points 4a and 4c to the desired values Q*i^ and 
Q*Mi of the reactive power flows determined in the desired reactive power value determining unit 22 and to adjust 

so the measured voltage value of the txjs 5a to the desired voltage value Vi^q according to the reactive power 
required value Qarii calculated in the reactive power required value calculating unit 23, and controlling the selected 
control apparatuses of the second partial power system lb to adjust values QMji and Qmi of reactive power flows, 
which flows from the adjoining power system 2b and the first partial power system la to the second partial power 
system 1 b. at the boundary points 4b and 4c to the desired values Q*Mji and Q*Mi of the reactive power flows deter- 

55 mined in the desired reactive power value determining unit 22 and to adjust the measured voltage value Vi2 of the 
bus 5a to the desired voltage value Vjao according to the reactive power required value QARi2 calculated in the reac- 
tive power required value calculating unit 23. 
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[0077] tn the above configuration, an operation of the power system control apparatus is desatbed with reference 
to Rg. 13. In the description of the operation, a plurality of adjoining power systems 2 are represented by the adjoining 
power systems 2a and 2b. 

[0078] Fig. 13 is a flow chart showing a power system control method applied for the power system control appa- 
5 raXus shown in Fig, 1 1 . 

[0079] An effective power flow and a reactive power flow at the bus 5a of the first partial power system 1 a 
are measured in the first power flow measuring unit 1 1 a as the power flows flowing from the adjoining power system 2a 
into the first partial power system 1a through the interconnection line 3a, an effective power flow Pjj and a reactive 
power flow Qjj at the bus 5b of the second partial power system 1 b are measured in the second power flow measuring 

10 unit 1 1 b as the power flows flowing from the adjoining power system 2b into the second partial power system 1 b through 
the interconnection line 3b. an effective power flow Pi2i and a reactive power flow Qi2i at the t>us 5a of the first partial 
power system la are measured in the first inter-partial system power flow measuring unit 21a as the power flows flow- 
ing from the second partial power system lb into the first partial power system la through the interconnection line 3c, 
and an effective power flow Pi^2 ^"cl a reactive power flow 0,^2 ^® bus 5b of the second partial power system 1 b are 

15 measured in the second inter-partial system power flow measuring unit 21b as the power flows flowing from the first 
partial power system la into the second partial power system lb through the interconnection line 3c. 
[0080] Thereafter, desired voltage values Vno and Vi2o of the buses 5a and 5b set in advance are input to the 
desired reactive power value determining unit 22 and the reactive power required value calculating unit 23, and desired 
voltage values V^o and Vjq of the buses 6a and 6b set in advance are input to the desired reactive power value deter- 

20 mining unit 22 (step ST1 1). Also, the effective power flows Pki. Pj|. Pi2i and Pj^g ancl the reactive power flows Q^j, Qj|, 
Qj2i and Qi^2 ^ buses 6a. 6b, 5a and 5b measured in the power flow measuring units 1 1 a, 1 1 b and the inter-partial 
system power flow measuring units 21a and 21b are input to the desired reactive power value deternrdning unit 22 and 
the reactive power required value calculating unit 23, and measured voltage values Vj^ and of the buses 5a and 5b 
of the partial power systems la and lb are input to the reactive power required value calculating unit 23 (step ST12). 

25 [0081] . Thereafter, in the desired reactive power value determining unit 22. a desired value Q^mk; of the reactive 
power flow flowing from the adjoining power system 2a into the first partial power system 1 a through the interconnection 
line 3a is determined according to the equation (1) by using the desired voltage values Vko and Vi^o buses 6a and 
5a and the effective power flow P^j and the reactive power flow Q^j of the bus 5a. a desired value Q*Mji of the reactive 
power fbw flowing from the adjoining power system 2b into the second partial power system lb through the intercon- 

30 nection line 3b is determined according to the equation (1 ) by using tiie desired voltage values Vjo and V-^o of tiie txjses 
6b and 5b and the effective power flow Pji and the reactive power flow Q^j of the bus 5b, and a desired value Q*Mj of the 
reactive power flow flowing from the second partial power system lb into the first partial power system la (or from tiie 
first partial power system la into the second partial power system lb) through the interconnection line 3c is determined 
according to the equation (1) by using the desired voltage values Vj2o and V|io of the buses 5b and 5a and the effective 

35 power flow Pi2i (or Pjig) and the reactive power flow Q-^^ (or Qii2)of the bus 5a (or the bus 5b)(step ST13), In tiie cal- 
culation of the desired values Q*Mki. the first partial power system la is regarded as the to-be-controlled power system 
in the equation (1). In the calculation of the desired values Q*Mjj. second partial power system lb is regarded as the 
to-be-controlled power system in the equation (1). In the calculation of the desired values Q*iy|j, the second partial 
power system lb (or the first partial power system 1a) is regarded as the adjoining power system, and the first partial 

40 power system 1 a (or the second partial power system 1 b)is regarded as the to-be-controlled power system in tiie equa- 
tion (1). 

[0082] Thereafter, when the desired values Q*Mki. Q*Mji and Q*mi of the reactive power flows at tiie boundary points 
4a, 4b and 4c of the interconnection lines 3a, 3b and 3c are determined in the desired reactive power value determining 
unit 22. a reactive power required value Qarm of the first partial power system 1 a is calculated in the reactive power 

45 required value calculating unit 23 according to equations (5a). (5c) and (6a) by using the desired values Q*Mki and Q*Mi 
of the reactive power flows determined in the desired reactive power value determining unit 22, the measured voltage 
value Vji of the bus 5a of the first partial power system la and the desired voltage value Vno of the bus 5a of the first 
partial power system 1 a. and a reactive power required value QARsa of the second partial power system 1 b is calculated 
in the reactive power required value calculating unit 23 according to equations (5b). (5c) and (6b) by using the desired 

so values C^^jj and 0"^^^^ of the reactive power flows determined in the desired reactive power value determining unit 22. 
the measured voltage value \/^ of the bus Sb of the second partial power system lb and the desired voltage value 
of the bus 5b of the first partial power system lb (step ST1 4): 



55 



QMii = Qji + Xg(P%j +q2 jj)/(2V%) 
Qmi = Q|2i + Xi,2(P^ 121 + Q' bi)/(2V' n) 



(5a) 



{5b) 



(5c) 
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QARi1=QMM + QMi-(Q*MKi+Q*Mi) + »<(V,i-V„o) (6a) 
QARI2=QMj|-QMi-(Q*Mji-Q*Mi) + K(VB-VBo) (65) 

5 where the symbol denotes a reactance of the interconnection line 3a, the symbol Xji2 denotes a reactance of the 
interconnection line 3c, the symbol Xy denotes a reactance of the interconnection line 3b. the symbol Qmio denotes a 
value of a reactive power flow, which flows from the adjoining power system 2a to the first partial power system 1a. at 
the boundary point 4a, the symbol Q^jj denotes a value of a reactive power flow, which flows from the adjoining power 
system 2b to the second partial power system lb. at the boundary point 4b. and the symbol Q^j denotes a value of a 

10 reactive power flow, which flows from the second partial power system 1b to the first partial power system la. at the 
boundary point 4c. 

[0083] Thereafter, when the reactive power required values Qarh and QARi2 calculated in the reactive power 
required value calculating unit 23, one or more first control apparatuses are selected in the control apparatus controlling 
unit 24 from all voltage/reactive power control apparatuses existing in the first partial power system la according to the 

75 reactive power required value Qarh (step ST15). one or more second control apparatuses are selected in the control 
apparatus controlling unit 24 from all voltage/reactive power control apparatuses existing in the second partial power 
system lb according to the reactive power required value QARi2 (step ST15). operation conditions (for example, an 
operation time period and an operation degree) of each first control apparatus are calculated according to the reactive 
power required value Qarii (step ST16), operation conditions of each second control apparatus are calculated accord- 

20 ing to the reactive power required value QARia (step ST16), operation instructions indicating the operation conditions 
are output to the first control apparatuses to control operations of the first control apparatuses (step ST1 7). and opera- 
tion instructions indicating the operation conditions are output to the second control apparatuses to control operations 
of the second control apparatuses (step ST1 7). 

[0084] Therefore, the voltage of the bus 5a of the first partial system 1 a is adjusted by the first control apparatuses 

25 to make the reactive power required value Qarm agree with a zero value, and the voltage of the bus 5b of the second 

partial system 1 b is acljusted by the second control apparatuses to make the reactive power required value QARi2 BQtee - 
with a zero value. For exanple. in cases where the voltage of the tHJS 5a is increased by the first control apparatuses. " ^ 

the values Qi^j and Qmi of the reactive FX>wer f bws at the boundary points 4a arxl 4c of the interconnection lines 3a 
and 3c are decreased to deaease the reactive power required value Qarii* and the measured voltage value Vji is 

30 increased to increase the reactive power required value Qarh - In contrast, in cases where the voltage of the bus 5a is 

decreased by the first control apparatuses, the values Q^i^j and Q^y^j of the reactive power flows at the boundary points ^ ^ 

4a and 4c of the interconnection lines 3a and 3c are increased to increase the reactive power required value Qarh . and ' :^ 

the measured voltage value Vj^ is decreased to deaease the reactive power required value Qarh • . < 2. 

[0085] Thereafter, the steps ST1 2 to ST1 7 are repeated, until the voltage control or the reactive power control of the 4 

35 partial power systems la and 1 b is not required(step ST1 8). 

[OOQS] Accordingly, because the reactive power required values Qarii and QARi2 ^i© partial power systems la 
and lb are calculated according to the effective power flows and the reactive power flows measured in the power flow 
measuring unit 21 and the desired values of the reactive power flows determined in the desired reactive power value 
determining unit 22, even though one to-be-controlled power system 1 is divided into a plurality of partial power sys- 

40 tems. the cooperation of the partial power systems la and lb with the adjoining power systems 2a and 2b can be per- 
formed by collecting locally-existing-information (for example, the measured values Pk|. Pjj and Pj2i (or Pii2) of the 
effective power flows, the measured values Q^i, Qji and Qi2i (or Qj^a) of the reactive power flow, the measured voltage 
values and \/q and the desired voltage values Vj^o and Vi2o at the buses 5a and 5b locally existing in the partial 
power systems la and lb. and the desired voltage values and V^o at the buses 6a and 6b locally existing in the 

45 adjoining power systems 2a and 2b). and a voltage fluctuation and a reactive power fluctuation at the partial power sys- 
tems la and 1b can be immediately suppressed. 

[0087] In this embodiment, the to-be-controlled power system 1 is divided into the first partial power system la and 
the second partial power system 1 b. However, the present invention is not limited to this division of the to-be-controlled 
power system 1 , and it is applicable that the to-be-controlled power system 1 be divided into three partial power sys- 

50 tems or more. In this case, as shown in Fig. 14, it is applicat>le that the three or more partial power systems 1 a. 1 b and 
1c adjacent to a plurality of adjoining power systems 2a, 2b and 2c be arranged in series. Also, as shown in Fig. 15, it 
is applicat^ie that the three or more partial power systems la to 1e be arranged in a loop shape or a mesh shape. 
[QOQS] Also, in this emtxxJiment. the reactive power required value calculating unit 23 and the control apparatus 
controlling unit 24 are respectively arranged for all partial power systems obtained by dividing the to-be-controlled 

55 power system 1 . However, the present invention is not limited to this arrangement. For example, it is applicable that the 
reactive power required value calculating unit 23 and the control apparatus controlling unit 24 be respectively arranged 
for each partial power system or for every two or more partial power systems. Therefore, the number of reactive power 
required value calculating units 23 or the rujmber of control apparatus controlling units 24 are not limited. 
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[0089] Also. It is applicable that the operations of the reactive power required value calculating unit 23 and the con- 
trol apparatus controlling unit 24 be perfomied by using one conrputer system, or it Is applicable that a plurality of com- 
puter systems respectively conresponding to one partial power system be performed in parallel. 
[0090] Also, in this embodiment, the equation (1) can be applied in cases where each boundary point 4 is placed 
' at the mid position of tiie corresponding interconnection line 3. However, tiie present invention is not limited to these 
boundary points. That is. the equation (1 ) can be revised according to the position of each boundary point 4 in the inter- 
connection line 3. 

EMBODIMENTS 

[0091] Fig. 16 is a block diagram of a power system control apparatus according to a third embodiment of the 
present invention. The description of composing elements indicated by reference numerals, which are the same as 
those used in Fig. 1 , is omitted because tiie composing elements of Rg. 16 are the same as or equivalent to tiiose of 
Fig. 1 indicated by the same reference numerals. 

[0092] As shown in Fig. 16, a power system control apparatus comprises. 

the power flow measuring units 1 1 respectively corresponding to one interconnection line 3; the desired reactive power 
value determining unit 12; 

a system configuration supervising unit 31 , functioning as a constant value changing means, for supervising a sys- 
tem configuration of power systems cun-ently operated to detect the changing of the system configuration; 
a confrol constant changing unit 32, functioning as the constant value changing means, for changing a value of the 
control constant K to a new value matching with a new system configuration in cases where it is detected that the 
system configuration of the power systems supervised in the system configuration supervising unit 31 is changed 
to the new system configuration; 

the reactive power required value calculating unit 13 for calculating a reactive power required value Qari of the to- 
be-controlled power system 1 according to tiie control constant K having ttie new value changed in tiie control con- 
stant changing unit 32: and ^ 
the control apparatus controlling unit 14. 

[0093] In the above configuration, a system configuration of power systems currentiy operated is always supervised 
in the system configuration supervising unit 31 . When tiie system configuration is changed to a new system configura- 
tion because tiie operation of one power system is changed to that of another power system, the operation of a gener- 
ator of one power system is started or the operation of one power system is stopped, the changing of the system 
configuration is detected in the system configuration supervising unit 31 , and a value of the control constant K planned 
to be used for the calculation of the reactive power required value Qari performed in the reactive power required value 
calculating unit 1 3 Is changed to a new value matching witti tiie new system configuration in the conti-ol constant chang- 
ing unit 32. 

[0094] Thereafter, ttie reactive power required value Qar is calculated in the reactive power required value calcu- 
lating unit 13 by using tfie control constant K having the new value. 

[0095] Accordingly, even tiiough tiie system configuration of the power systems cun-ently operated is changed, 
because ttie reactive power required value Qari is calculated by using the confrol constant K of ttie new value matching 
with the new system configuration, a voltage fluctuation and a reactive power fluctuation occumng in the to-be-control- 
led power system 1 can be reliably suppressed. 

[0096] In this emtxxliment a value of tiie control constant K is changed to a new value matching with the new sys- 
tem configuration. However, tiie present invention is not limited to the changing of the value of the control constant K. 
For example, it is applicable tiiat ttie desired voltage value Vjo of tiie to-be-confrolled power system 1 be changed to 
change tiie desired value Q*Mjj of the reactive power flow. Also, it is applicable tfiat botti the value of the confrol constant 
and the desired voltage value Vjo of the to-be-confrolled power system 1 be changed. 

[0097] Also, in this embodiment, the changing of the confrol constant value is applied for tfie first embodiment. How- 
ever, it is applicable ttiat the changing of the confrol constant value depending on tiie changing of tiie system configu- 
ration of the power systems be applied for the second embodiment. 

EMBODIMENT 4 

[0098] Rg. 17 is a block diagram of a power system confrol apparatus according to a fburtti embodiment of tfie 
present invention. The description of composing elements indicated by reference numerals, which are ttie same as 
those used in Fig. 1 , is omitted because ttie conrposing elements of Fig. 1 7 are the same as or equivalent to ttiose of 
Rg. 1 indicated by the same reference numerals. 



16 



<EP 1035e26A2J_> 



EP 1 035 626 A2 



[0099] As shown in Fig. 1 7. a power system control apparatus comprises: 

the power flow measuring units 11 respectively corresponding to one interconnection line 3; 

a desired voltage resetting unit 33. functioning as a constant value changing means, for resetting the desired volt- 
5 age value Vjo of the to^e-controlled power system 1 and the desired voltage values Vjo of the adjoining power sys- 

tems 2 set in advance according to a desired voltage changing signal input by an operator; 
a control constant changing unit 34, functioning as the constant value changing means, for changing a value of the 
control constant K to a new value according to a difference between a group of the desired voltage values Vj^ and 
set in advance and a group of the desired voltage values Vj^ and Vp reset in the desired voltage resetting unit 

10 33; 

the desired reactive power value determining unit 12 for determining a value Q*ivijj of the reactive power flow 
according to the desired voltage values \/\o and Vp reset in the desired voltage resetting unit 33; 
the reactive power required value calculating unit 13 tor calculating a reactive power required value Qari of the to- 
be-controlled power system 1 according to the control constant K of the new value changed in the control constant 
75 changing unit 34 and the value Q'^Mji ^ ^® reactive power flow determined in the desired reactive power value 
• determining unit 12; arid 

the control apparatus controlling unit 14. 

[0100] In the above configuration, when a load of each power system is. for example, reduced (or increased) 
20 according to an operation time, an operation season or an operation day of each week, a desired voltage changing sig- 
nal indicating the lowering of the desired voltage values Vj^ and Vj^ set in advance is input to the desired voltage reset- 
ting unit 33 by an operator to reset the desired voltage values Vjo and Vp to lower values (or higher values), and a value 
of the control constant K is changed to a new value in the control constant changing unit 34 according to a difference 
between the desired voltage values Vj^ and set in advance and the desired voltage values and reset in the 
25 desired voltage resetting unit 33. 

• [0101] Thereafter, a value Q*mi\ the reactive power flow is determined in the desired reactive power value deter- 
mining unit 12 according to the desired voltage values Vjo and reset in the desired voltage resetting unit 33. and a 
reactive power required value Qari of the to-be-controlled power system 1 is calculated in the reactive power required 
value calculating unit 13 according to the control constant K of the new value and the value Q^mji of the reactive power 

30 flow. 

[0102] Accordingly, even though operation conditions of the power systems 1 and 2 change, because the value 
Q^i^ji of the reactive power flow is changed with the operation conditions, the reactive power required value Qari of the 
to-be-controlled power system 1 can be changed with the operation conditions. Therefore, a voltage fluctuation and a 
reactive power fluctuation occurring in the to-be-controlled power system 1 can be reliably suppressed. 

35 [01 03] In this embodiment, the desired voltage values Vjo and Vj^ set in advance are manually reset by the operator 
by inputting the desired voltage changing signal. However, the present invention is not limited to the manual operation. 
For example, it is applicable that the desired voltage values V|o and Vj^ set in advance be automatically reset according 
to a voltage resetting schedule determined in advance, or it is applicable that the desired voltage values Vj^ and Vj^ set 
in advance be automatically reset according to the measured values of the voltage Vi and the power flows Pji + jQjj or 

40 an instruction value of a stabifizing apparatus. 

[01 04] Also, in this emtxxSiment, the changing of the control constant value is applied for the first embodiment. How- 
ever, it is applicable that the changing of the control constant value depending on the changing of the desired voltage 
values Vjo and V^ be applied for the second embodiment 

45 EMBODIMENTS 

[0105] Fig. 18 is a block diagram of a power system control apparatus according to a fifth embodiment of the 
present invention. 

[0106] As shown in Fig. 18, a power system control apparatus comprises: 

so 

a system predicting unit 41 , functioning as a system predicting means, for predicting electric information, such as 
a voltage Vi of the to-be-controlied power system 1 and a power flow of a transmission line in the to-be-controiled 
power system 1 , and electric information, such as a power flow Pjj -f jQjj between the to-be-controlled power system 
1 and each of the adjoining power systems 2, by performing a power flow calculation according to a load prediction 
55 of the power systems 1 and 2: 

an apparatus instruction prediction calculating unit 42, functioning as an operation predicting means and made of 
the desired reactive power value determining unit 12 and the reactive power required value calculating unit 13, for 
predicting operations of voltage/reactive power control apparatuses existing in the to-be-controlled power system 1 
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according to the electric information predicted in the system predicting unit 41 and the desired voltage values Vj^ 
and Vjo set in advance; and 

a schedule setting unit 43, functioning as a schedule setting means, for setting an operation schedule (for example, 
an operation time period and an operation degree) of the voltage/reactive power control apparatuses according to 
s the prediction result obtained in the apparatus instruction prediction calculating unit 42. 

[0107] In the above configuration, when a load prediction of the power systems 1 and 2 (for example, a prediction 
value of a load fluctuation of each power system which is obtained from a load result of the power system possessed 
by a power company) is input to the system predicting unit 41 . a generating value of a generator is calculated from the 
10 load prediction, and a power flow calculation is performed. Therefore, electric information (for example, a voltage Vi and 
a power flow of a transmission line) of the to-be-controlled power system 1 and electric information (for example, power 
flows Pjj + jQji) between the to-be-controlled power system 1 and a group of the adjoining power systems 2 are pre- 
dicted. 

[0108] Thereafter, operations of voltage/reactive power control apparatuses existing in the to-be-controlled power 
15 system 1 are predicted in the apparatus instruction prediction calculating unit 42 according to the electric information, 
and a prediction result of the operations of the voltage/reactive power control apparatuses is output from the apparatus 
instruction prediction calculating unit 42 to tiie schedule setting unit 43. In the prediction result, an identification code, 
an operation time period, a type of an operation and the like are included for each voltage^reactive power control appa- 
ratus. 

20 [0109] Thereafter, an operation schedule of the voltage/reactive power control apparatuses is set according to the 
prediction result in the schedule setting unit 43, so tiiat the voltage/reactive power control apparatuses are operated 
according to operation conditions set in the operation schedule. 

[0110] Accordingly, a voltage fluctuation and a reactive power fluctuation occurring In the to-be-contrdied power 
system 1 can be reliably suppressed. 

25 

EMBODIMENT 6 

[0111] Rg. 19 is a block diagram of a power system control apparatus according to a sixth embodiment of tiie 
present invention. The description of composing elements indicated by reference numerals, which are the same as 
30 those used in Fig. 1 , is omitted because the composing elements of Rg. 19 are the same as or equivalent to tiiose of 
Rg. 1 indicated by the same reference numerals. 

[0112] As shown in Rg. 19, a power system control apparatus comprises: 

the power flow measuring units 1 1 respectively corresponding to one interconnection line 3; the desired reactive power 
value determining unit 12; the reactive power required value cateulating unit 13; tiie confrol apparatus controlling unit 
35 14; the system predicting unit 41 ; the apparatus instruction prediction calculating unit 42; the schedule setting unit 43; 
and 

a schedule revising unit 44. functioning as a schedule revising means, for changing the operation schedule set in 
the schedule setting unit 43 to a revised operation schedule matching with the operation conditions of the selected 
40 control apparatuses set in the apparatus controlling unit 14. in cases where the operation schedule set in ttie appa- 
ratus instruction prediction calculating unit 42 does not match with the operation conditions of the selected control 
apparatuses, and outputting operation instructions irxjicating operation conditions indicated by the revised opera- 
tion schedule to the control apparatuses. 

45 [0113] In tfie above configuration, when tiie operation schedule is set in tiie schedule setting unit 43 in the same 
manner as in the fifth embodiment and when the operation conditions of the selected control apparatuses are set in the 
apparatus controlling unit 14 in the same manner as in the first embodiment, the operation schedule is conpared with 
the operation conditions of the selected control apparatuses set in the schedule revising unit 44. 
[01 14] In cases where the operation schedule matches with the operation conditions of the selected cont-ol appa- 

50 ratuses. the operation schedule is adopted, and the selected control apparatuses are operated according to operation 
conditions set in the operation schedule. 

[0115] In contrast, in cases where the operation schedule does not match with the operation conditions of tiie 
selected control apparatuses, the operation schedule is changed to a revised operation schedule matching witii tiie 
operation conditions of ttie selected comrol apparatuses. In this case, an operation time period and/or an operation 
55 degree of each selected control apparatus required to be changed are revised. Thereafter, tiie selected comrol appa- 
ratuses are operated according to operation conditions set in the revised operation schedule. 

[01 1 6] Accordingly, even though the load prediction is different from an actual load required for the to-be-controlled 
power system 1 and tiie adjoining power systems 2, because the operation schedule is revised to a revised operation 
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schedule by considering the operation conditions of the selected control apparatuses set according to the actual load, 
the to-be-oontrolled power system and the adjoining power systems can be automatically controlled by the selected 
control apparatuses which are operated according to operation conditions set in the revised operation schedule, a volt- 
age fluctuation and a reactive power fluctuation occumng in the to-be-controlled power system 1 can be reliably sup- 
5 pressed. 

[0117] In this embodiment, the operation of the control apparatuses according to the operation schedule or the 
revised operation schedule is applied for the first embodiment. However, it is applicatsle that the operation of the control 
apparatuses according to the operation schedule or the revised operation schedule be applied for the second embodi- 
ment. 

10 

EMBODIMENT 7 

[0118] Fig. 20 is a block diagram of a power system control apparatus arranged for each power system according 
to a seventh embodiment of the present invention. 
15 [01 19] As shown in Fig. 20. a power system control apparatus 51 or 52 is arranged for each of power systenns. The 
power system control apparatus 51 or 52 of a particular power system representing the to-t)e-corrtrolled power system 
1 and the adjoining power systems 2 comprises: 

an electric information measuring and storing unit 53, functioning as an electric information predicting means, for 
20 measuring electric information such as a voltage value, an effective power flow and a reactive power flow at a volt- 
age nionitoring point of the particular power system and storing the electric information: 

a predicted electric information calculating unit 54, functioning as the electric information predicting means, for cal- 
culating predicted electric information (for example, a predicted voltage value Vpredict. ^ predicted effective power 
flow and a predicted reactive power flow) at the voltage monitoring point of the particular power system according 
25 to the measured electric information stored in the electric information measuring and storing unit 53; 

an information communicating unit 55. functioning as a communicating means, for receiving and transmitting the 
electric information of the particular power system measured in the electric information measuring and storing units 
53 and the predicted electric information of the particular power system calculated in the predicted electricValue' 
calculating units 54 from/to another or other power systems adjacent to the particular power system through a com- 
30 munication line; 

a control apparatus operation predicting unit 56. functioning as an operation predicting means, for predicting oper- 
ation conditions (for example, a control type, an operation time period and an operation degree) required for each 
of a plurality of control apparatuses of the particular power system according to the predicted electric information 
of the particular power system calculated in the predicted electric information calculating unit 54 and the measured 

35 electric information of the particular power system measured in the electric information measuring and storing unit 
53 and predicting operation conditions (for example, a control type, an operation time period and an operation 
degree) required for each of a plurality of control apparatuses of a power system adjacent to the particular power 
system according to the predicted electric information and the measured electi'ic information received in the infor- 
mation communicating unit 55 ti-om the power system for each power system adjacent to the particular power sys- 

40 tem;and 

a control apparatus instructing unit 57, functioning as a control means, for estimating a first influence of the opera- 
tion conditions, which are required for each control apparatus of one power system adjacent to the particular power 
system and are predicted in tiie control apparatus operation predicting unit 56, on an electric power (or a voltage) 
at tiie monitoring point of tiie particular power system for each power system adjacent to tiie particular power sys- 

45 tem. estimating a second influence of the operation conditions, which are required for each control apparatus of the 
particular power system and are predicted in the control apparatus operation predicting unit 56, on an electric 
power (or a voltage) at the monitoring point of one power system adjacent to the particular power system for each 
power system adjacent to the particular power system, selecting one or more control apparatuses to be controlled 
from all voltage/reactive power control apparatuses of tiie particular power system according to the first influence, 

so the second influence and the predicted electric information calculated in the predicted electric information calculat- 
ing unit 54 of the power system and controlling the selected control apparatijses according to the first influence, the 
second influence and the predicted electric Information to adjust a voltage at the monitoring point of the particular 
power system for the purpose of suppressing a voltage fluctuation and/or a reactive power fluctuation at the moni- 
toring point of the particular power system. 

55 

[0120] In tfie above configuration, an operation of the power system control apparatus 51 of the to-be-controlled 
power system 1 is described with reference to Fig. 21 . 

[0121] Ftg. 21 is a flow chart showing a power system control method applied for each power system control appa- 
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ratus according to the seventh embodiment. 

[01 221 When electric information such as a voltage value V(t). an effective power flow P(t) and a reactive power flow 
Q(t)placed at a voltage monitoring point is measured at a time t and stored in the electric information measuring and 
staring unit 53 (step ST21), predicted electric information such as a predicted voltage value Vpredict. a predicted effec- 
5 tive power f fow and a predicted reactive power flow at the voltage monitoring point is calculated in the predicted electric 
information calculating unit 54 according to the measured electric information (step ST22). 

[01 23] For exanple, the predicted voltage value Vpredicx "s calculated according to an auto-regressive moving aver- 
age (ARMA) model by using an equation (7): 



Vpredict = Z + Z (7) 

i . j 



15 where the symbols Hj and bj denote ARMA coefficients, the symbol V(t-i) denotes a measured voltage value of the mon- 
itoring point at a time (t-i). and the symbol Q(t-i) denotes a measured value of the reactive power flow of the monitoring 
point at a time (t-i). 

[0124] Thereafter, operation conditions (for example, a control type, an operation time period and an operation 
degree) required for ail voltage/reactive control apparatuses of tine to-be-controlled power system 1 are predicted in tiie 

20 control apparatus operation predicting unit 56 according to the predicted electric information calculated in the predicted 
electric information calculating unit 54 of the to-be-controlled power system and the measured electric information 
measured in the electric information measuring and storing unit 53 of the to-be-controlled power system (step ST23). 
[0125] Also, when electric information measured in the electric information measuring and storing unit 53 of one 
adjoining power system 2 and predicted electric information calculated in the predicted electric information calculating 

25 unit 54 of the adjoining power system 2 are received in the information communicating unit 55 through a communication 
line for each adjoining power system 2(step ST24), operation conditions (for example, a control type, an operation time 
period and an operation degree) required for all voltage/reactive control apparatuses of the adjoining power system 2 
are predicted in the control apparatus operation predicting unit 56 according to the predicted electric information and 
the measured electric information received from the adjoining power system 2 for each adjoining power system 2(step 

30 ST25). 

[0126] Thereafter, in tiie control apparatus instructing unit 57, first influence of the operation of each voltage/reac- 
tive control apparatus of one adjoining power system 2. of which the conditions are predicted in the control apparatus 
operation predicting unit 56. on an electric power at the monitoring point of the to-be-controlled power system 1 is esti- 
mated for each adjoining power system 2(step ST26). For example, tiie first influence is calculated by using a pre- 
ss scribed transformation function in which the predicted operation conditions are substituted. 

[0127] Also, in the confol apparatus instructing unit 57, second influence of the operation of each voltage/reactive 
control apparatus of the to-be-contrdted power system 1 , of which the conditions are predicted in the control apparatus 
operation predicting unit 56. on an electric F>ower at the monitoring point of one adjoining power system is estimated for 
each adjoining power system 2 (step ST27). 
40 [01 28] Thereafter, in tiie control apparatus instructing unit 57, one or more control apparatuses to be controlled are 
selected from the voltage/reactive power control apparatuses of the to-be-controlled power system 1 according to tiie 
first influence, the second influence and the predicted electric information calculated in the predicted electric informa- 
tion calculating unit 54 of the to-be-controlled power system 1 , an operation instruction determined according to the first 
influence, the second influence and the predicted electric information is output to each selected control apparatus, and 
45 operations of the selected control apparatuses are controlled to adfjust the electric information at tfie monitoring pant 
of tiie to-be-controlled power system 1 to the predicted electric information(step ST28). 

[0129] For example, in cases where a sum of the first influences of tiie ac^oining power systems 2 indicates tiie 
increase of the reactive power of 50 MVA for the monitoring point of the to-be-controlled power system 1 and in cases 
where the predicted reactive power of the to-be-conti^olled power system 1 is higher than tiie measured reactive power 
so of tiie to-be-controlled power system 1 by 80 MVA. operations of the selected control apparatuses are controlled to 
increase tiie reactive power at the monitoring point of the to-be-controlled power system 1 by 30 MVA (80 MVA - 50 
MVA). 

[0130] Thereafter, the steps ST21 to ST28 are repeated until the operation of the selected control apparatus is not 
desired (step ST29). 

55 [01 31 ] Accordingly, because tiie operation conditions required for each voltage/reactive control apparatus of the to- 
be-controlled power system 1 are predicted according to ttie predicted electi-ic information calculated in the predicted 
electric information calculating unit 54 of tiie to-be-conti-olled power system 1 and the measured electric information 
measured in the electric information measuring and storing unit 53 of the to-be-controlled power system 1 and because 
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the operation conditions required for the control apparatuses of each adjoining power system 2 are predicted according 
to the predicted electric information and the measured electric information received from the adjoining power system 2 
in the information communicating unit 55. one or more control apparatuses to be controlled can be selected from the 
voltage/reactive power control apparatuses of the to-be-controlled power system 1 according to locally-existing-infbr- 
mation (for example, the predicted electric information and the measured electric information obtained in the to-be-con- 
trolled power system 1 and the predicted electric information and the measured electric information of the adjoining 
power system 2 transmitted to the to-be-controlled power system 1). Therefore, the cooperation of the to-be-controlled 
power system 1 with the adjoining power systems 2 can be performed by collecting the measured electric information 
and the predicted electric information locally existing in the power systems 1 and 2. and a voltage fluctuation and a reac- 
tive power fluctuation in the to-be-controlled power system 1 can be immediately suppressed. 

Claims 

1 . A power system control apparatus, comprising: 

power flow measuring means (11) for measuring a value of a reactive power flow and a value of an effective 
power flow, which respectively flow between a to-be-controlled power system and an adjoining power system 
adjacent to the to-be-controlled power system, for each of one or a plurality of adjoining power systems: 
desired value determining means (12) for determining a desired value of the reactive power flow or a desired 
summed value of the reactive power flows according to the measured values of the reactive power flows and 
the measured values of the effective power flows obtained by the power flow measuring means, a desired volt- 
age value of the to-be-controlled power system and one or a plurality of desired voltage values of the adjoining 
power systems; 

required value calculating means (13) for calculating a required value of a reactive power of the to^De-control- 
led power system according to the measured values of the reactive power flows and the measured values of 
the effective power flows obtained by the power flow measuring means, the desired value of the reactive power 
flow or the desired summed value of the reactive power flows determined by the desired value determining 
means, the desired voltage value of the to-be-controlled power system and a measured voltage valiie of the to-» 
be-controlled power system; and 

control means (14) for selecting a control apparatus from a plurality of control apparatuses arranged in the to- 
be-controlled power system according to the required value of the reactive power calculated by the required 
value calculating means and controlling an operation of the selected control apparatus to make the selected 
control apparatus reduce the required value of the reactive power of the to-be-controlled power system. 

2. A power system control apparatus according to claim 1 , wherein the required value of the reactive power calculated 
by the required value calculating means includes a term which is obtained by multiplying a deviation value of the 
measured voltage value of the to-be-controlled power system from the desired voltage value of the to-be-controlled 
power system by a control constant. 

3. A power system control apparatus according to claim 2, further comprising: 

constant value changing means (32) for changing a value of the control constant or the desired voltage value 
of the to-be-controlled power system in cases where a system configuration of the to-be-controlled power sys- 
tem and the adjoining power systems is changed. 

4. A power system control apparatus according to claim 2, further comprising: 

constant value changing means (34) for changing a value of the control constant in cases where the desired 
voltage value of the to-be-controlled power system or the desired voltage value of one adjoining power system 
is changed. 

5. A power system control apparatus, conrprising: 

power flow measuring means (1 1 a; 1 1 b;21 a:21 b) for measuring a value of a reactive power flow and a value of 
an effective power flow flowing Ijetween each of partial power systems composing a to-be-controlled power 
system and an adjoining power system adjacent to the partial power system and measuring a value of a reac- 
tive power flow and a value of an effective power flow flowing between one pair of partial power systems adja- 
cent to each other for each pair of partial power systems adjacent to each other; 
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desired value determining means (22) for determining a desired value of the reactive power flow flowing 
between one partial power system an - , -3 adjoining power system adjacent to the partial power system 
according to the measured value of the . : : itve power flow and the measured value of the effective power flow, 
which flow between the partial power r-.; ;am and the adjoining power system, obtained by the power flow 

5 measuring means, a desired voltage vaiue of the partial power system and a desired voltage value of the 

adjoining power system for each partial power system and determining a desired value of the reactive power 
flow flowing between one pair of partial power systems adjacent to each other according to the measured value 
of the reactive power flow and the measured value of the effective power flow, which flow between the pair of 
partial power systems, obtained by the power flow measuring means and two desired voltage values of the pair 

10 of partial power systems for each pair of partial power systems adjacent to each other; 

required vaiue calculating means (23) for calculating a required value of a reactive power of each partial power 
system according to the measured value of the reactive power flow and the measured value of the effective 
power flow, which ftaw between the partial power system and one adjoining power system adjacent to the par- 
tial power system, obtained by the power flow measuring means, the measured value of the reactive power 

^5 flow and the measured value of the effective power flow, which flow between the partial power system and 

another partial power system adjacent to the partial power system, obtained by the power flow measuring 
means, the desired value of the reactive power flow, which flow between the partial power system and the 
adjoining power system, and the desired value of the reactive power flow, which flow between the partial power 
system and another partial power system adjacent to the partial power system, determined by the desired 

^0 value determining means, the desired voltage value of the partial power system and a measured voltage value 

of the partial power system; and 

control means (24) for selecting a control apparatus from a plurality of control apparatuses arranged in one par- 
tial power system accordng to the required value of the reactive power of the partial power system calculated 
by the required value calculating means for each partial power system and confrolling an operation of the 
25 selected control apparatus of each partial power system to make the selected control apparatus reduce the 

required value of tfie reactive power of the partial power system. 

6. A power system control apparatus according to claim 5. wherein the required value of the reactive power of each 
partial power system calculated by the required value calculating means includes a term which is obtained by mul- 

30 tiplying a deviation value of the measured voltage value of the partial power system from the desired voltage value 
of the partial power system by a control constant. 

7. A power system control apparatus according to claim 6. further conprising: 

35 constant value changing means (32) for changing a value of the control constant or tiie desired voltage value 

of one partial power system in cases where a system configuration of the partial power systems and tiie adjoin- 
ing power systems is changed. 

8. A power system control apparatus according to claim 6. further comprising: 

40 

constant value changing means (34) for changing a value of the control constant in cases where the desired 
voltage value of one partial power system or the desired voltage value of one adjoining power system is 
changed. 

45 9. A power system control apparatus, comprising: 

system predicting means (41) for receiving a load prediction of a to-be-controlled power system and one or a 
plurality of adjoining power systems adjacent to the to-be-controlled power system, predicting first electi-ic 
information of the to-be-controlled power system and second electric information between the to-be-controlled 
so power system and each adjoining power system by calculating a power flow between the to-be-controlled 

power system and each adjoining power system according to the load prediction; 

operation predicting means (42) for predicting an operation of each of one or a plurality of control apparatuses 
arranged in the to-t)e-corrtrolled power system according to the first electric information and tiie second electric 
information predicted by tfie system predicting means; and 
55 schedule setting means (43) for setting an operation schedule of the control apparatuses according 1o the 

operation prediction obtained by the operation predicting means to operate the control apparatuses accoiding 
to the operation schedule. 
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1 0. A power system control apparatus according to claim 9. further comprising: 

power flow measuring means (11) for measuring a value of a reactive power flow and a value of an effective 
power flow, which respectively flow t>etween the to-be-controlled power system and each adjoining power sys- 

5 tern adjacent to the to-be-controlled power system; 

desired value determining means (1 2) for determining a desired value of the reactive power f bw according to 
the measured values of the reactive power flows and the measured values of the effective power flows 
obtained by the power flow measuring means, a desired voltage value of the to-be-controlled power system 
and one or a plurality of desired voltage values of the adjoining power systems; 

10 required value calculating means (13) for calculating a required value of a reactive power of the to-be-control- 

led power system according to the measured values of the reactive power flows and the measured values of 
the effective power flows obtained by the power flow measuring means, the desired value of the reactive power 
flow determined by the desired value determining means, the desired voltage value of the to-be-controlled 
power system and a measured voltage value of the to-be-controlled power system; 

15 control means (14) for selecting a control apparatus from the control apparatuses according to the required 

value of the reactive power calculated by the required value calculating means, determining an operation 
instruction required for the selected control apparatus according to the required value of the reactive power and 
providing the operation instruction for the selected control apparatus to make the selected control apparatus 
reduce the required value of the reactive power of the to-be-controlled power system in an operation of the 

20 selected control apparatus indicated by the operation instruction; arKl 

schedule revising means (44) for revising the operation schedule of the control apparatuses set by the sched- 
ule setting means to make a revised operation schedule miatch with tiie operation of the control apparatus 
selected by tiie control means in cases where ttie control apparatus selected by the control means or the oper- 
ation of the control apparatus selected by the control means does not match with the operation schedule of the 

25 control apparatuses, the control apparatuses being operated according to the revised operation schedule. 

11 . A power system control apparatus, comprising: 

electric information predicting means (54) for calculating a predicted value of first electric information corre- 
30 sponding to a to-be-controlled power system from a measured value of the first electric information of the to- 

be-controlled power system; 

communicating means (55) for receiving a predicted value of second electric information and a measured 
value of the second electric information from each of one or a plurality of adjoining power systems adjacent to 
the to-be-controlled power system; 

35 operation predicting means (56) for predicting an operation of each of a plurality of first control apparatuses 

arranged in the to-be-controlled power system from the predicted value of the first electric information and the 
measured value of the first electric information obtained by the electric information predicting means and pre- 
dicting an operation of each of a plurality of second control apparatuses arranged in one adjoining power sys- 
tem from tiie predicted value of the second electric information and the measured value of the second electric 

40 information received by tiie communicating means from the adjoining power system for each adjoining power 

system; 

control means (57) for selecting a particular first control apparatus from the first control apparatuses arranged 
in the to-be-controlled power system according to the operation prediction for the first control apparatuses and 
the operation prediction for the second control apparatuses obtained by tiie operation predicting means and 
45 controlling the selected control apparatus to adjust tiie first electric information of tiie to-be-controlled power 

system to tiie predicted value obtained by tiie electric information predicting means. 

12. A power system control method, comprising the steps of: 

so measuring a value of a reactive power flow and a value of an effective power flow, which respectively flow 

between a to-be-controlled power system and an adjoining power system adjacent to the to-be-controlled 
power system; 

determining a desired value of the reactive power flow according to the measured value of the reactive power 
flow and tiie measured value of the effective power flow, a desired voltage value of the to-be-controlled power 
55 system and a desired voltage value of ttie adjoining power system; 

calculating a required value of a reactive power of the to-be-controlled power system according to the meas- 
ured value of the reactive power flow, the measured value of the effective power flow, the desired value of tiie 
reactive power flow, tiie desired voltage value of the to-be-contax>lled power system and a measured voltage 
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value of the to-be-controlled power system; 

selecting a control apparatus from a plurality of control apparatuses arranged in the to-be-controlled power 
system according to the required value of the reactive power; and 

controlling an operation of the selected control apparatus to make the selected control apparatus reduce the 
5 required value of the reactive power of the to-be-controlled power system. 

13. A power system control method, comprising the steps of: 

measuring a value of a reactive power flow and a value of an effective power flow flowing between each of par- 
tial power systems composing a to-be-controlled power system and an adjoining power system adjacent to the 
partial power system; 

measuring a value of a reactive power flow and a value of an effective power flow flowing between one pair of 
partial power systenrts adjacent to each otiier for each pair of partial power systems adjacent to each other; 
determining a desired value of the reactive power flow flowing between one partial power system and the 
adjoining power system adjacent to the partial power system according to the measured value of the reactive 
power flow and the measured value of the effective power flow flowing between the partial power system and 
ttie adjoining power system, a desired voltage value of the partial power system and a desired voltage value of 
the adjoining power system for each partial power system; 

determining a desired value of the reactive power flow flowing between one pair of partial power systems adja- 
cent to each other according to the measured value of the reactive power flow and the measured value of the 
effective power flow flowing between the pair of partial power systems, and two desired voltage values of tiie 
pair of partial power systems for each pair of partial power systems adjacent to each otfier; 
calculating a required value of a reactive power of each partial power system according to the measured value 
of the reactive power flow and the measured value of the effective power flow f bwing between the partial power 

25 system and one adjoining power system adjacent to the partial power system, the measured value of the reac- 

tive power flow and the measured value of ttie effective power flow f towing between the partial power system 
and another partial power system adjacent to the partial power system, the desired value of the reactive power 
flow flowing between the partial power system and the adjoining power system, the desired value of the reac- 
tive power flow flowing between the partial power system and anotiier partial power system adjacent to the par- 

30 tial power system, the desired voltage value of the partial power system and a measured voltage value of tiie 

partial power system; 

selecting a control apparatus from a plurality of control apparatuses arranged in one partial power system 
according to the required value of the reactive power of tiie partial power system for each partial power system; 

and 

55 controlling an operation of the selected confrol apparatus of each partial power system to make tfie selected 

control apparatus reduce tiie required value of the reactive power of the partial power system. 

14. A power system control method, comprising the steps of: 

40 receiving a load prediction of a to-be-conti-olled power system and one or a plurality of adjoining power systems 

adjacent to the to-be-comrolled power system; 

predicting first electric information of the to-t>e-controlled power system by calculating a power flow between 
tiie to-be-controlled power system and each adjoining power system according to the load prediction; 
predicting second electric information between the to-be-controlled power system and each adjoining power 
45 system according to tiie load prediction; 

predicting an operation of each of one or a plurality of control apparatuses arranged in the to-be-controlled 
power system according to the first electric information and the second electric information; and 
setting an operation schedule of the control apparatuses according to tiie operation predk;tion to operate the 
control apparatuses according to the operation schedule. 

50 

1 5. A power system control method, comprising the steps of: 

calculating a predicted value of first elecfe-ic information corresponding to a to-be-controlled power system from 
a measured value of the electric information of the to-be-conti'olled power system; 
55 receiving a predicted value of second electi^ic information and a measured value of the second electric infor- 

mation from each of one or a plurality of acQoining power systems adjacent to the to-be-controlled power sys- 
tem; 

predicting an operation of each of a plurality of first control apparatuses arranged in the to-be-controlled power 
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system from the predicted value of the first electric information and the measured value of the first electric infor- 
mation; 

predicting an operation of each of a plurality of second control apparatuses arranged in one adjoining power 
system from the predicted value of the second electric information and the measured value of the second elec- 
tric information received from the adjoining power system for each adjoining power system; 
selecting a particular first control apparatus from the first control apparatuses arranged in the to-be-controlled 
power system according to the operation prediction for the first control apparatuses and the operation predic- 
tion for the second control apparatuses; and 

controlling the selected control apparatus to adjust the first electric information of the to-be-controlled power 
system to the predicted value. 



1035626A2J.> 



25 



EP 1 035 626 A2 



VOLTAGE/REACTIVE POWER 
CONTROL APPARATUSES 
(PHASE MODIFYING EQUIPMENT) 



CONTROL 
APPARATUS 
CONTROLLING UNIT 



< 



o 



o 

> 



o 

> 



REACTIVE POWER 
REQUIRED VALUE 
CALCULATING 
UNIT 



CM 

1 



* 

a 



o 
z 



G 
cu 

U3 

Q> 

tu p oa S 

w cxj < ul; Z 



c5 

T 

a: 



(5 
T 

a? 



26 



BNSOOCIO: <EP. 



.1035626A2J_> 



EP 1 035 626 A2 



FIG.2 




27 

BNSOOCID: <EP 1035626A2J.> 



EP 1 035 626 A2 



nG.3 



C START } 



DESIRED VOLTAGE VALUES OF A TO-BE- 
CONTROLLED POWER SYSTEM AND AN 
ADJOINING PO\^TER SYSTEM ARE INPUT 



_ST1 



MEASURED VALUES OF THE EFFECTIVE POWER 
FLOW AND THE REACTIVE POWER FLOW AND 
A MEASURED VOLTAGE VALUE OF THE TO-BE- 
CONTROLLED POWER SYSTEM ARE INPUT 



ST2 



A DESIRED VALUE OF THE REACTIVE 
POWER FLOW IS DETERMINED 



A REQUIRED VALUE OF THE 
REACTIVE POWER IS CALCULATED 



CONTROL APPARATUSES ARE SELECTED 



OPERATION CONDITIONS OF THE CONTROL 
APPARATUSES ARE CALCULATED 



OPERATION INSTRUCTIONS ARE OUTPUT 
TO THE CONTROL APPARATUSES 



ST8 



NO 




'ST3 

ST4 

'ST5 
'ST6 

ST7 



28 



BNSOOCIO: <EP_ 



_103S6a6A2.l_> 



EP 1 035 626 A2 



VOLTAGEAIEACTIVE POWER 
CONTROL APPARATUSES 



CONTROL APPARATUS 
CONTROLLING UNIT 



2 



REACTIVE POWER REQUIRED 
VALUE CALCULATING UNIT 



CM 



O 

> 



a 

2 



^ LU 

U3 UJ < W Z 
Q0i>QZ3 



a 



_ n 






^ ^ 
O ^ on 

U. CO 



29 



EP 1 035 626 A2 




30 

BNSOCXJfD: <EP 103S626A2J_> 



EP i 035 626 A2 



FIG.7 



® ® 



/V/\ XN/S 



FIG.8 



/S/S /N/\ /N/N 



31 



BNSOOCIO: <EP 103S626A2J.> 



EP 1 035 626 A2 



nG.9 




FIG. 10 



32 

BNSOCX^ID: <EP 103S626A2_I_> 



EP 1 035 626 A2 



VOLTAGE/REACTIVE POWER 
CONTROL APPARATUSES 



? 


i i 


i i 


i i 




i 


CONTROL APPARATUS 
CONTROLLING UNIT 


i 

< 


L i 

< 
O 





REACTIVE POWER REQUIRED 
VALUE CALCULATING UNIT 




DESIRED REACTIVE POWER 
VALUE DETERMINING UNIT 



a 
T 



a 



2 

a 



<5 



^ 5 

< z 
^ > ^ 

— c«: 3 

uJ on 

co> < 
{X 2 




FROM PARTIAL POWER SYSTEMS 
AND ADJOINING POWER SYSTEMS 



33 



EP 1 035 626 A2 




BNSOOCtD: <EP 1035626A2J.> 



34 



EP1 035 626 A2 



FIG. 13 

C START ) 



DESIRED VOLTAGE VALUES OF 
POWER SYSTEMS ARE INPUT 



~ST11 



ST12 



MEASURED VALUES OF THE EFFEOTTVE POWER FLOWS 
AND THE REACTIVE POWER FLOWS FLOWING FROM 
ADJOINING POWER SYSTEMS TO PARTIAL POWER 
SYSHEMS. MEASURED VALUES OF THE EFFECTIVE 
POWER FLOWS AND THE REACTIVE POWER FLOWS 
FLOWING BETWEEN THE PARTL\L POWER SYSTEMS 
AND MEASURED VOLTAGE VALUES OF THE PARTIAL 
POWER SYSTEMS ARE INPUT 



A DESIRED VALUE OF THE REACTIVE 
POWER FLOW IN EACH PARTIAL 
POWER SYSTEM IS DETERMINED 



'ST 13 



A E^EQUIRED VALUE OF THE REACTIVE 
POWER IN EACH PARTIAL 
POWER SYSTEM IS CALCULATED 



,ST14 



CONTROL APPARATL 
IN EACH PARTIAL PO 


JSES ARE SELECTED 
WER SYSTEM 







OPERATION CONDITIONS OF THE CONTROL 
APPARATUSES ARE CALCULATED 



,ST15 



,ST16 



OPERATION INSTRUCTIONS ARE OUTPUT 
TO THE CONTROL APPAItATUSES 



.ST17 



NO 




ST18 



35 



EP 1 035 626 A2 



FIG. 14 




FIG. 15 




36 



BNSCXXID: <EP, 



1035626A2 I > 



EP 1 035 626 A2 



VOLTAGE/REACTIVE POWER 
CONTROL APPARATUSES 



CO 



1 



CONTROL APPARATUS 
CONTROLLING UNIT 



E-O 

ooxz 

(JUO=3 



L. 



(ZJ Z cu 
cfl CJ CO 



Z 

o 

Z 00 



> 



o 

> 



T 



< 



REACTIVE POWER REQUIRED 
VALUE CALCULATING UNIT 



♦ 



O 
Pu 



2 



c/i < H g 
W ttJ < W Z 




FROM POWER SYSTEMS 



37 



BNSOOCID: <EP. 



.1035e26A2.l_> 



EP 1 035 626 A2 



VOLTAGE/REACTIVE POWER 
CONTROL APPARATUSES 



? M t t 



o 



o 




CONTROL APPARATUS 
CONTROLLING UNIT 


o 




REACTIVE] 
VALL^E CAI 


POWER REQUIRED 
XULATING UNIT 



1— I 

d 



w -J 

o< 

< 2 

55 < 
u :r 
QU 




FROM POW^R SYSTEMS 



38 



BNSOOCIO: <EP iaa5e26A2_l.> 



EP1035 626 A2 



no. 18 



LOAD 

PREDICTION 



41 



SYSTEM 

PREDICTING 

UNIT 



Vio 



Vjo 



42 



APPARATUS 

C>JSTRUCTION 

PREDICTION 

CALCULATING 

UNIT 



43 

i 

SCHEDULE 

SETTING 

UNIT 



<EP 1 03Se26A2_l_> 



39 



EP1035 626 A2 



1—1 

d 

I— I 




VOLTAGE/REACTIVE POWER 
CONTROL APPARATUSES 



REACTIVE POWER REQUIRED 
VALUE CALCULATING UNIT 



2 
* 

o 



o 
z 



z 
o 

u 

Q 
< 

o 



O 

w tu < z 



FROM POWER SYSTEMS 



40 



BNSOOCID: <EP 1035626A2J_> 



EP 1 035 626 A2 



VOLTAGE/REACnVE 
POWER CONTROL 
APPARATUSES 

t t t t 1 



CONTROL APPARATUS 
INSTRUCTING UNIT 



T 



■7- Z 



O 
Z 

o< 
<z 



^2 



40 




GO 

< 
a. 

< 
o 

Z 

o 
u 

O 
a. 



ELECTRIC 
INFORMATION 



; CONTROL APPARATUS I 
I^INSTRUCTING UNIT t 



00. 



U-5 



O 

z 
;zH 
o< 



I Z. CU UJ [Tj i-4 



< 



00 

:d 

< 

< 
< 

O 
csi 
H 
Z 

o 
u 

H 
CO 

00 

a: 
o 

a. 



z; 

ZD 
OZ' 



iQ 



oz 



u->l 



41 



EP 1 035 626 A2 



FIG.21 

( START ^ 



ELECTRIC INFORMATION IS MEASURED AND STORED ~ ^ 
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